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Because  boilers  generally  are  most  efficient  at  full  loads, 
the  Army  could  achieve  significant  savings  by  running 
fewer  boilers  at  high  loads  rather  than  more  boilers  at  low 
loads.  A  reliable  load  prediction  technique  could  help 
ensure  that  only  those  boilers  required  to  meet  demand 
are  on  line. 

This  report  presents  the  results  of  an  investigation  into 
the  feasibility  of  forecasting  heat  plant  steam  loads  from 
historical  patterns  and  weather  information.  Using  steam 
flow  data  collected  at  Fort  Benjamin  Harrison,  IN,  a  Box- 
Jenkins  transfer  function  model  with  an  acceptably  small 
prediction  error  was  initially  identified.  The  standard 
deviation  of  the  1-hour  ahead  prediction  error  using  this 
formula  was  about  4  percent  of  the  mean  of  the  hourly 
steam  flow  forecast. 

Initial  investigation  of  forecast  model  development 
appeared  successful,  finding  relatively  accurate  models 
that  made  24-hour  predictions.  Dynamic  regression 
methods  using  actual  ambient  temperatures  yielded  the 
best  results.  Box-Jenkins  univariate  models’  results 
appeared  slightly  less  accurate.  Since  temperature 
information  was  not  needed  for  model  building  and 
forecasting,  however,  it  is  recommended  that  Box-Jenkins 
models  be  considered  prime  candidates  for  load  forecast¬ 
ing  due  to  their  simpler  mathematics.  Weather  informa¬ 
tion,  nevertheless,  should  also  be  taken  into  account  in 
case  of  a  significant  variation  in  ambient  temperature 
within  the  applicable  forecast  period.  The  feasibility  of 
completely  automating  the  identification  of  the  prediction 
formula  should  be  studied  for  field  implementation  of 
multiboiler  load  allocation. 
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A  STEAM  LOAD  FORECASTING  TECHNIQUE 
FOR  CENTRAL  HEATING  PLANTS 


1  INTRODUCTION 


Background 

Boilers  are  generally  designed  to  be  highly  efficient  at  full  loads.  As  a  boiler’s  load  decreases,  its 
efficiency  also  drops.  The  Army  should  achieve  significant  savings  by  running  fewer  boilers  at  high  loads 
rather  than  more  boilers  at  low  loads.  A  reliable  load  prediction  technique  could  help  ensure  that  only 
those  boilers  required  to  meet  demand  are  on  line. 

Boiler  load  is  normally  affected  by  weather  changes.  Since  weather  forecasting  is  still  not  a  precise 
science,  boiler  operators  tend  to  take  a  conservative  approach  and  run  as  many  boilers  as  they  feel 
comfortable  with.  Operators  could  use  a  reliable  load  forecasting  technique  to  schedule  boiler  operations 
with  more  efficiency,  saving  a  significant  amount  of  fuel.  This  could  significantly  improve  the  cost- 
efficiency  of  large  central  heating  plants  at  many  Army  installations. 

Time  series  analysis  is  a  rapid-growth  area  in  statistical  science.  Its  major  application  is  in 
forecasting.  The  Box-Jenkins  approach,  developed  in  the  1960s,  was  found  to  be  well  suited  for  load 
forecasting  (Box  and  Jenkins,  1970).  Load  forecasting  is  now  an  integral  part  of  utility  system  operation. 
Long-term  forecasting  several  years  into  the  future  is  required  for  scheduling  new  plant  construction. 
Intermediate-term  forecasts  several  months  ahead  are  needed  for  scheduling  maintenance.  Short-term 
forecasting— a  few  days  to  a  few  weeks— is  needed  for  scheduling  generating  capacity  and  fuel  purchases. 
Forecasting  a  few  hours  to  a  few  minutes  ahead  is  required  for  real-time  control.  This  research 
investigates  a  technique  with  relatively  short-term  (24  hour)  forecasting  for  multiboiler  load  allocation  in 
Army  central  heating  plants. 


Objective 

The  objective  of  this  research  is  twofold:  (1)  to  provide  a  fundamental  understanding  of  the 
relationship  between  heating-degree  days  and  steam  load,  and  (2)  to  develop  a  mathematical  model  that 
results  in  reliable  steam  load  forecasts  based  on  historical  trends  and  projected  weather  patterns.  This 
information  will  form  the  basis  of  a  steam  supply  load-leveling  system  for  Army  central  heating  plants. 


Approach 

An  overview  of  forecasting  techniques  is  provided.  Applications  reported  in  literature  are 
summarized,  and  software  considerations  and  data  requirements  are  discussed.  Chapters  6  through  9 
present  modeling  results  and  conclusions  based  on  steam  flow  data  collected  from  Fort  Benjamin  Harrison, 
IN  from  February  1989  through  September  1990. 
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This  study  was  carried  out  in  two  phases.  In  Phase  1,  a  researcher  at  the  University  of  Illinois  at 
Urbana-Champaign  (UIUC)  investigated  forecasting  methods  using  statistical  analysis  software  in  a 
mainframe  computing  environment.  In  Phase  2,  conducted  at  the  U.S.  Army  Construction  Engineering 
Research  Laboratory  (USACERL),  the  results  of  this  work  were  adapted  to  user-friendly  commercial 
software  for  use  in  a  microcomputer  environment. 


Scope 

The  purpose  of  this  work  is  to  investigate  the  feasibility  of  forecasting  heal  plant  steam  load  from 
past  usage  patterns  and  ambient  temperature  information.  Only  a  limited  amount  of  data  from  one  central 
heating  plant  were  used.  Therefore,  general  applicability  to  other  installations  may  require  further  study. 
The  same  methodology  and  procedure,  however,  can  be  used  to  build  a  working  forecast  model. 


Mode  of  Technology  Transfer 

The  results  of  this  work  should  be  incorporated  into  an  Advanced  Operations  and  Maintenance 
project  for  investigation  of  a  boiler  dispatching  system  and  defining  potential  savings  in  a  representative 
Army  boiler  plant. 
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2  METHODOLOGY 


Overview 

There  are  a  number  of  different  approaches  to  the  building  of  mathematical  models  for  use  in 
forecasting.  It  is  important  to  understand  the  forecasting  problem  and  its  particular  requirements. 
Typically,  forecasting  models  are  judged  on  their  accuracy  in  predicting  the  future,  not  on  their  fit  to 
historical  data.  Nevertheless,  the  analyst  uses  the  fit  to  historical  data  as  a  major  evaluative  component 
in  assessing  the  accuracy  of  the  model.  In  this  report  both  uie  fit  and  the  forecasting  error  will  be 
discussed  in  evaluating  the  proposed  models.  Forecasting  requires  judgment  as  well  as  statistical  analysis, 
especially  in  deciding  whether  the  underlying  assumptions  made  in  developing  the  mathematics  are  valid. 

Several  mathematical  approaches  to  forecasting  exist,  a  few  of  which  will  be  mentioned  here.  They 
include  exponential  smoothing,  Box-Jenkins  univariate  and  transfer  function  (multivariate)  models,  state 
space  analysis,  and  dynamic  regression.  Exponential  smoothing  can  often  be  improved  upon  by  using  a 
Box-Jenkins  univariate  model,  if  the  data  are  sufficiently  numerous.  Box-Jenkins  transfer  function  models 
are  useful  when  the  data  to  be  predicted  have  correlational  and  seasonal  structure,  but  there  is  additional 
influence  of  some  exogenous*  variables.  For  example,  in  the  case  under  study  here  there  are  diurnal 
patterns  in  steam  demand,  but  there  is  an  additional  significant  influence  due  to  temperature  variation. 
However,  when  the  situation  calls  for  a  Box-Jenkins  transfer  function  model,  it  has  been  shown  recently 
that  a  state  space  model  is  mathematically  equivalent  (Akaike,  1974a)  and  will  sometimes  be  easier  to 
construct  (Granger  and  McCollister,  1978).  There  is  another  method  which,  in  terms  of  complexity,  is 
situated  somewhat  between  Box-Jenkins  univariate  and  state  space  models.  This  method  has  been  given 
the  name  “dynamic  regression”  by  some,  and  includes  the  Cochrane-Orcutt  models  popular  with 
econometricians. 

The  statistical  analysis  software  used  in  the  Phase  1  study— 5A5**— has  an  econometric  and  time- 
series  library  (SAS/ETS)  that  permits  a  user  to  employ  all  of  the  methods  mentioned  above.  Since  SA5 
was  the  package  most  readily  available  for  the  Phase  1  study,  it  was  employed  even  though  it  is  somewhat 
awkward  to  use  compared  to  statistical  analysis  software  recently  developed  for  microcomputers.  Stell- 
wagen  and  Goodrich,  for  example,  have  developed  forecasting  software  for  the  Electric  Power  Research 
Institute  (EPRI)  that  will  easily  undertake  a  variety  of  forecasting  approaches,  including  all  those 
mentioned  above. 


Box-Jenkins  Univariate  Models 

A  discussion  of  the  univariate  time  senes  models  of  Box  and  Jenkins  will  be  given  here  because 
it  is  the  most  straightforward  and  the  concepts  regarding  correlational  structures  in  data  arc  common  to 
the  other  approaches  mentioned  above. 

Assume  that  a  stochastic***  process  can  be  observed  at  discrete  instants  of  time  so  that  tlicrc  is  a 
scries  z,,  t=l,...,N,  where  the  index  t  may  indicate  equally  spaced  instants  of  time.  The  mean  and  variance 
of  the  time  series  are  the  expected  values 


'Originating  externally. 

“Previously  called  the  Statistical  Analysis  System,  this  software  package  is  now  known  simply  as  SAS. 
"'Pertaining  to  random  variables. 
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[Eq  1] 


H,  =  £[z,]  =  J  p(z. 


t)dz 


=  £:[(z,-n/l  =  p(z,t)dz 


[Eq2] 


where  p(z,t)  is  the  probability  density  function  for  z  at  time  t.  The  estimates  of  these  quantities  are  the 
usual  ones 


N 

z  =  (1/N)E2, 

1=1 

N 

6^  =  (1/AO  52  (2.“^ 

><i 


If  the  process  is  weakly  stationary,  then  p,  and  are  constants,  independent  of  the  value  of  time,  t,  as 
is  the  autocovariance. 

The  autocovariance,  is  defined  as  follows: 

Y,  =  £[(z,-p.)(z,.,-p,J]  [Eq5] 

The  autocovariance  is  dependent  only  on  the  lag,  k,  between  any  two  instants  of  time  t  and  t+k,  and  not 
on  the  value  of  time,  t.  An  estimate  of  the  autocovariance  is  defined  in  a  manner  completely  analogous 
to  that  given  above  for  the  variance,  noting  that  o^=Yo-  the  autocorrelation  function  at  lag  k,  p^,  is 
defined  as  a  normalized  covariance 

P*  =  Y*  ho  fEq 


making  0  <  p,;  <  1  for  all  k. 

The  autocorrelation  function  for  a  stationary  time  series  is  an  important  identifying  characteristic, 
and  is  used  throughout  the  Box-Jenkins  identification  process.  An  important  example  of  this  is  “white 
noise.”  If  a  time  series  a,  consists  of  identically  normally  distributed  random  variables  that  are 
independent  of  one  another  (and  thus  uncorrelated),  the  series  is  referred  to  as  white  noise.  It  has  an 
autocorrelation  function  of  0  everywhere  except  when  the  lag  is  0,  in  which  case  the  autocorrelation 
function  is  1.  This  concept  is  crucial,  since  one  of  the  objectives  of  Box-Jenkins  modeling  is  to  construct 
a  model  for  z,  so  that  the  difference  (residual)  between  the  model  and  the  observed  values  of  z,  is 
statistically  indistinguishable  from  white  noise.  There  are  statistical  tests  available  to  determine  whether 
it  is  plausible  to  accept  the  hypothesis  that  a  particular  (residual)  series  is  white  noise;  forecasting  software 
packages  routinely  produce  the  results  of  such  tests. 

The  mathematical  structure  of  autoregressive  and  moving  average  models  is  examined  in  the 
following  sections.  It  may  seem  unlikely  that  specific  univariate  model  structures  could  possibly  model 
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demand  for  power.  Nevertheless,  such  models  have  proven  successful  in  forecasting  5  minute,  hourly, 
and  daily  loads,  as  indicated  by  Keyhani  and  El-Abiad  (1975)  and  Hagan  and  Klein  (1977).  Numerous 
other  references  document  successful  applications,  but  only  a  few  will  be  mentioned  in  this  report. 

To  keep  the  mathematical  statements  compact,  some  operational  notation  will  be  introduced, 
although  it  is  by  no  means  standard.  Since  the  literature  on  time  series  analysis  and  forecasting  is  so 
diverse  and  represents  rival  schools  of  thought,  a  uniform  notation  has  not  yet  emerged. 

The  backshift  operator  b  is  defined  such  that 

b  z,  =  z,., 


and 


The  differencing  operator  is  defined  such  that 


and 


V  z.  =  z, 


=  (1-Sz, 


[Eq7] 


2,-22,.,+z,.j 


[Eq  8] 


The  random  processes  studied  arc  assumed  to  be  stationary.  If  there  is  evidence  that  they  are  not 
stationary,  some  transformation  techniques  can  be  applied  to  make  them  stationary,  as  will  be  discussed 
later.  It  will  also  be  assumed  that  we  study  the  process  z,  =  z,  -  |t,  so  that  the  mean  of  z,  is  zero.  In 
order  to  simplify  the  notation  that  follows,  we  will  use  instead  of  z,  throughout,  assuming  its  (constant) 
mean  has  already  been  removed.  Of  course,  if  the  data  are  differenced  once,  the  differenced  series  has 
a  zero  mean,  and  thus  docs  not  need  to  have  the  mean  removed. 

A  first-order  autoregressive  process  has  the  form 


where  a,  is  a  white  noi.se  process.  Intuitively,  this  suggests  the  next  observation  of  the  time  series  can  be 
modeled  by  adding  a  random  “shock”  to  the  last  observed  value  (multiplied  by  some  constant,  <t),).  This 
is  the  well  known  Markov  process,  which  has  found  wide  application  throughout  physics  and  mathematics 
(Akaikc,  1974a).  This  expression  can  al.so  be  written  in  the  form 
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(1  -<?^b)z,  =  a, 


[Eq  10] 


leading  to  the  following  form  for  a  process  that  is  autoregressive  of  order  p,  often  denoted  as  AR(p): 


(1 =  a, 


[Eq  11] 


In  a  more  abbreviated  fashion,  this  can  be  expressed  as 


(Sfib)z,  =  a, 


[Eq  12] 


where  (jjCbl  is  a  polynomial  of  order  p  in  terms  of  the  backshift  operator. 

A  famous  application  of  AR(2)  models  was  the  prediction  of  the  number  of  sunspots  (Yule,  1927). 
The  order  p  of  a  process  supposed  to  be  purely  autoregressive  can  be  determined  by  examination  of  its 
sample  autocorrelation  function,  and  especially  by  looking  at  a  variation  of  it  called  the  partial 
autocorrelation  function.  For  instance,  if  the  process  is  AR(1),  the  autocorrelation  function  has  the  simple 
form  The  coefficients  (])(,  i=l,...,p  are  determined  by  maximum  likelihood  estimation.  One  may 

conveniently  think  of  such  an  estimation  scheme  as  one  that  chooses  the  ()>(  that  minimizes  the  variance 
of  the  residual  series  a,,  although  this  is  not  precisely  the  basis  for  maximum  likelihood  estimation. 

A  moving  average  process  of  order  q,  denoted  as  MA(q),  has  the  form 


=  01  «r-i -020,-2 ---Q,",-, 

=  Q(.b)a, 


[Eq  13] 


where  0(b)  is  a  polynomial  of  order  q  in  the  backshift  operator.  As  with  autoregressive  processes,  the 
order  q  for  the  moving  average  process  can  be  determined  by  examining  the  autocorrelation  function  of 
the  process,  and  the  parameters  0;,  i=l,...,q  are  determined  by  a  maximum  likelihood  estimation  scheme. 


A  more  general  model  is  the  autoregressive-moving  average  (ARMA)  model  for  a  time  series,  which 
takes  the  form 


^(b)z,  =  0(6)  a, 


[Eq  14] 


if  it  is  of  order  p  and  q,  often  denoted  as  ARMA(p,q).  Models  of  this  sort  were  investigated  by  Vemuri, 
Huang,  and  Nelson  (1981)  in  order  to  estimate  hourly  loads  for  an  electric  utility. 

If  a  time  series  z,  is  not  stationary,  perhaps  because  it  has  a  constant  trend,  it  can  be  made  stationary 
by  a  differencing  operation 
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[Eq  15] 


w.  =  vz. 


resulting  in  w,  becoming  a  stationary  scries,  ready  to  be  modeled  as  an  ARMA  process.  The  differencing 
may  be  carried  to  a  higher  degree— perhaps  d— if  necessary  to  obtain  a  stationary  process.  In  practice,  the 
order  of  differencing  is  rarely  more  than  2,  which  is  what  is  required  to  model  some  series  with  changing 
trends.  Also,  there  are  statistical  measures  that  can  be  examined  to  determine  whether  the  series  has  been 
over-differenced  in  an  attempt  to  make  it  stationary. 

After  differencing  has  produced  a  stationary  process,  an  autoregressive  integrated  moving  average 
(ARIMA)  model  can  be  proposed: 


<^(b)^  z,  =  6(b)  a, 


[Eq  16] 


This  is  often  referred  to  as  an  ARIMA  (p,d,q)  model  when  p  and  q  are  the  orders  of  the  (])(b)  and  0(b) 
polynomials,  respectively.  Hagan  and  Klein  (1977)  used  this  sort  of  model  to  forecast  hourly  loads  with 
up  to  a  4  hour  lead  time. 

Another  sort  of  nonstationary  feature  that  stochastic  processes  can  exhibit  is  heteroscedasticity, 
which  means  that  a^,  is  a  function  of  t  rather  than  a  constant.  Sometimes  such  a  process  can  be  rendered 
stationary  by  a  power  transformation  of  some  sort,  or  perhaps  by  taking  the  logarithm  of  the  series  before 
beginning  the  modeling  process.  This  did  not  appear  to  be  required  for  the  steam  flow  data  studied  here. 

The  last  sort  of  seasonality  that  will  be  discussed  here  is  a  seasonal  periodicity.  This  is  best 
explained  with  an  example.  Suppose  there  is  a  series  of  hourly  data  that  exhibits  a  diurnal  pattern  (daily 
periodicity).  In  oth.  r  words,  the  value  of  is  strongly  related  to  the  value  of  7,1.24.  'The  time  series  would 
exhibit  a  cyclic  behavior  (though  not  necessarily  sinusoidal)  with  a  period  of  24  hours.  If  the  data  had 
been  collected  at  5  minute  intervals,  then  the  period  would  be  288  with  the  value  of  Zt  being  strongly 
related  to  the  value  of  Such  periodic  features  are  observed  in  portions  of  the  steam  flow  data  from 
Fort  Benjamin  Harrison,  as  can  be  seen  from  the  graphs  in  Appendix  A.  Especially  evident  in  the  March 
“Steam  2”  data  are  peaks  and  troughs  in  the  data  with  a  period  of  about  24  hours.  These  features  are 
commonly  observed  in  published  load  data  at  both  5  minute  and  hourly  intervals,  as  provided,  for 
example,  by  Abu-El-Magh  and  Sinha  (1981).  The  seasonal  difference  operator  is  defined  as 


'24 


= 


‘•<-24 


[Eq  17] 


For  the  hourly  time  series  it  might  be  proposed  that 


v^z,  =  (l-©6^)a, 


[Eq  18] 


in  order  to  relate  z,  that  are  24  hours  apart  where 
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va,  =  (1  -Qb)a, 


[Eq  19] 


might  relate  a  that  are  1  hour  apart.  Combining  these  equations  gives  a  compact  form  of  the  model 

=  (1 -0^>)(1 [Eq  20] 


Such  a  model  is  denoted  a  multiplicative  (0,1,1)  x  (0,1,1)24  model  and  requires  the  estimation  of  only  two 
parameters:  0  and  0.  Note  the  inclusion  of  certain  moving  average  terms  corresponding  to  the 
differencing  operations.  In  order  to  make  the  notation  clear,  the  model  will  be  written  out  completely  in 
a  form  that  can  be  viewed  as  a  difference  equation: 


‘(-i 


■^«-24  ■'"^(-25 


=  a  -0a  ,  -©a  ,,  +0©a 


I -25 


[Eq  21] 


Then  the  forecast  equation  can  be  written  directly  and  the  result  given  for  the  case  of  forecasting  k  periods 
ahead.  Clearly 


[Eq  22] 


The  forecasted  value  for  with  the  minimum  mean  square  error  will  be  the  conditional  expected  value 
of  z,+k,  given  ©,  0,  z,,  z,.i, ...,  the  estimated  parameter  values,  and  the  time  series  up  to  and  including  the 
time  point  t. 

This  forecast  will  be  denoted  as  z,ik),  and  is  given  by 


z,(k)  =  £^[z,.*.,+z,,*.24-z.,*-25+«, 


t*k 

>♦*-25 


-0a,.,  ,-©o,.,„+0©a..,  „  10,  0,  z,,  z,_,,  ...] 


[Eq  23] 


indicating  that  the  forecast  is  k  steps  ahead,  given  the  series  is  observed  through  time  t.  In  order  to  obtain 
forecasts,  the  unknown  Zj  terms  (j  >  t)  are  replaced  by  their  forecasted  values  and  the  unknown  a^  terms 
(i  >  t)  are  replaced  by  their  mean  value,  which  is  0  for  a  properly  constructed  model.  On  the  other  hand, 
the  known  values  of  Uj  are  the  one-step- ahead  forecast  errors,  that  is 


a 

i 


[Eq  24] 


for  values  of  i  <  t,  and  aj  =  0  for  i  >  t. 
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There  are  a  variety  of  approaches  for  deciding  which  Box-Jenkins  model  should  be  used  to  describe 
a  given  time  series.  As  previously  mentioned,  after  model  identification  and  parameter  estimation,  the 
residual  series  a,  should  be  statistically  acceptable  as  white  noise.  Sometimes  a  practitioner  will  want  to 
set  aside  some  data,  not  to  be  used  in  fitting  the  model,  and  then  use  this  data  to  evaluate  the  prediction 
error.  SAS,  the  software  package  used  in  this  phase  of  the  research,  readily  permits  this  to  be  done  for 
univariate  models,  but  not  for  the  multivariate  models  to  be  discussed  later. 

Also  to  be  considered  is  the  principle  of  parsimony,  which  dictates  that  simpler  models  are 
preferable.  This  is  because  a  model  that  is  too  complex— often  called  “overfitted”— will  describe  many 
unimportant  details  of  the  historical  data  (including  noise),  making  it  unlikely  to  be  very  useful  for 
forecasting.  The  Akaike  Information  Criterion  (AIC)  and  the  Bayesian  Information  Criterion  (BIC)  are 
two  objective  measures  that  balance  goodness  of  fit  and  model  complexity.  In  the  forecasting  work 
described  here,  the  chi-square  test  for  the  residual  series  being  white  noise  and  the  AIC  were  used  as 
measures  of  acceptable  fit  of  the  model  to  historical  data. 


Box-Jenkins  Transfer  Function  Models 

The  ARIMA  models  mentioned  above,  including  the  seasonal  versions,  are  essentially  complex 
extrapolations  of  past  load  history.  When  there  is  a  change  in  the  weather,  a  transfer  function  model  can 
include  a  variable  like  temperature  to  improve  the  prediction.  Consider  a  transfer  function  model  such 
as 


r,  =  [(0(b)/5(b)]x,^  +  n, 


[Eq  25] 


where  (U(b)  is  a  polynomial  of  order  s,  5(b)  is  a  polynomial  of  order  r,  and  the  input  series  x,  is  lagged 
by  c  periods.  It  is  assumed  that  the  noise  process  i\  is  not  white  but  can  be  represented  by  an  ARIMA 
model.  By  differencing  the  series  hourly  and  daily  (24  hours)  to  make  it  stationary,  the  general  form  of 
the  transfer  function  model  becomes 

vvj^z,  =  [o)(fe)/5(6)] vv^x,^+[0(fe)0(6")/<l)(6)C>(ft")]a,  [Eq  26] 


where  the  orders  and  coefficients  of  the  various  polynomials  are  determined  as  a  part  of  the  identification 
process.  As  will  be  discus.sed  later,  the  transfer  function  model  identified  from  the  data  on  steam  flow 
and  temperature  had  a  relatively  simple  form,  with  5(b)=l,  a)(b)=(y„  (a  constant),  and  relatively  low  order 
autoregressive  and  moving-average  polynomials. 


Other  Modeling  Approaches 

Dynamic  Regression 

Dynamic  regression  refers  to  a  group  of  regression  models  that  combines  the  dynamics  of  Box- 
Jenkins  models  with  the  explanatory  power  of  certain  variables  that  may  even  be  causal  in  nature.  The 
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typical  configuration  is  to  exclude  moving-average  terms  but  to  include  a  vector  of  exogenous  variables 
(other  than  that  might  help  explain  variation  in  z,.  An  example  of  such  a  formulation  might  be 

0(6) z,  =  Py,  +  o),  [Eq  27] 


/?(h)©,  =  a, 


[Eq  28] 


where  z,  is  the  time  series  to  be  forecast,  y,  is  a  vector  of  exogenous  variables  related  to  z,,  6  is  a  vector 
of  regression  coefficients,  lo,  are  raw  residuals  that  are  autocorrelated,  and  R(b)  is  the  backwards  shift 
polynomial  that  reduces  lo,  to  a  white  noise  series  a,.  This  particular  dynamic  regression  formulation  is 
the  Cochrane-Orcutt  model  (Cochrane  and  Orcutt,  1949).  It  would  appear  to  have  some  promise  for  the 
steam  load  forecasting  problem,  but  the  model  fitting  using  SAS  was  somewhat  awkward.  It  seems 
advisable  to  wait  until  better  forecasting  software  is  available  before  investing  much  effort  in  investigating 
the  usefulness  of  this  class  of  models. 

State  Space  Models 

Another  approach  that  includes  some  exogenous  variables  to  improve  forecasts  is  state  space 
modeling,  as  proposed  by  Akaike  (1974b).  These  models  are  statistically  equivalent  to  Box-Jetdeins 
ARMA  transfer  function  models  (as  opposed  to  the  univariate  models  discussed  earlier  in  this  chapter)  and 
yield  exactly  the  same  forecasts.  However,  state  space  models  can  be  much  easier  to  identify  and  estimate 
when  the  transfer  function  model  is  complex.  It  turns  out  that  a  very  simple  transfer  function  was  found, 
as  indicated  above,  so  the  state  space  models  were  not  pursued. 

The  mathematies  of  this  representation  are  similar  to  those  of  modem  control  theory.  Although  they 
arc  not  extremely  involved,  they  will  not  be  given  in  any  detail  here.  If  state  space  models  are  shown  to 
be  superior  to  transfer  function  models  for  forecasting,  a  condensed  description  of  their  mathematical 
background  can  be  prepared.  Future  research  might  address  this  class  of  models,  since  the  process  of 
identifying  them  seems  to  hold  more  promise  for  being  automated  than  does  the  process  of  identifying 
the  Box-Jenkins  transfer  function  models. 
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3  APPLICATIONS  IN  LITERATURE 


There  are  a  number  of  precedents  for  using  forecasting  approaches  to  anticipate  demand  for  electric 
power.  Many  papers  on  this  topic  have  been  published  in  lEEE^  Transactions  on  Power  Apparatus  and 
Systems.  Many  investigations  report  successful  prediction  of  power  demand,  based  on  historical  informa¬ 
tion  only,  using  the  Box-Jenkins  univariate  models. 

Keyhani  and  El-Abiad  (1975)  used  an  ARMA  (1,0)  model  to  make  very-short-term  forecasts  from 
1  minute  data;  they  used  ARMA  (1,1)  and  ARMA  (2,1)  models  on  5  minute  data,  and  ARMA  (2,0) 
models  on  hourly  data.  Keyhani  and  Rad  (1977)  used  a  form  of  dynamic  regression,  employing  a  lagged 
hourly  temperature  to  forecast  hourly  loads.  Vemuri,  Balasubramanian,  and  Hill  (1973)  used  an  ARIMA 
(0,l,l)x(0,l,l)i2  model  to  forecast  monthly  peak  loads.  Hagan  and  Klein  (1977)  used  Box  and  Jenkins 
models  with  a  24  hour  period  to  forecast  hourly  loads  with  1  to  4  hour  lead  times,  using  different  models 
for  each  season  of  the  year.  Meslicr  (1978)  used  ARIMA  (l,0,0)x(0,l,])7x(0,l,])36j  models  to  forecast 
daily  energy  consumption  1  day  ahead;  apparently  correction  factors  needed  to  be  added  to  adjust  for 
holidays. 

Abu-El-Magd  and  Sinha  (1981)  compared  Box-Jenkins  models  to  state  space  models  with  regard 
to  forecasting  short  term  (5  minutes  ahead)  load  demand.  The  predictive  error  was  very  similar  for  the 
two  approaches,  but  the  authors  noted  that  the  state  space  model  could  more  easily  be  adapted  to  online 
prediction  and  model  updating.  Hagan  and  Bchr  (1987)  used  Box-Jenkins  transfer  function  models  (with 
temperature  as  the  exogenous  variable)  to  forecast  24  hour  load  curves  for  a  3  week  period.  They  report 
average  absolute  forecast  errors  on  the  order  of  5  percent. 


'Insiiiute  of  Electrical  and  Electronics  Engineers. 


17 


4  SOFTWARE  CONSIDERATIONS 


A  number  of  different  forecasting  methodologies  have  been  successfully  employed,  indicating  the 
need  for  software  tools  that  would  facilitate  the  investigation  of  a  variety  of  approaches.  In  recognition 
of  this  need,  EPRI  has  sponsored  the  development  of  forecasting  software  to  address  the  planning  and 
control  needs  of  the  power  industry. 

Two  software  products  available  for  the  microcomputer  would  facilitate  a  thorough  investigation  of 
the  feasibility  of  constructing  forecasting  models.  One  product  is  Forecast  Master,  developed  by  Stell- 
wagen  and  Goodrich  under  agreement  with  the  Electric  Power  Research  Institute  (EPRI).  It  is  designed 
for  research  use  and  has  a  complete  set  of  time  scries  analysis  approaches.  Forecast  Master  has  also  been 
favorably  reviewed  by  a  major  personal  computing  magazine. 

Since  a  thorough  knowledge  of  lime  series  analysis  methods  is  required  to  use  Forecast  Master,  this 
program  may  be  too  complicated  for  many  heat  plant  operators.  Another  software  product  by  the  same 
dcvcloper-Fti/'cca^r  Pro-is  much  more  user  friendly.  A  useful  subset  of  the  analysis  methods  in  Forecast 
Master  arc  included  in  Forecast  Pro,  but  they  are  driven  by  an  expert  system  to  lead  the  user  through  the 
steps  of  model  identification.  This  software  was  also  favorably  reviewed  by  the  same  computing 
magazine.  Forecast  Pro  is  well  .suited  to  the  project  at  hand.  It  was  developed  to  meet  needs  of  EPRI, 
which  arc  very  similar  to  those  of  a  central  heat  plant  operator.  Us  major  benefit  is  its  expert  system, 
which  can  construct  models  as  accurate  as  those  generated  by  an  expert  without  requiring  the  user  to  be 
an  expert. 
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5  DATA  CONSIDERATIONS  FOR  THE  PHASE  1  STUDY 


In  the  Phase  1  study  conducted  at  UIUC,  steam  flow  data  from  two  lines  at  Fort  Benjamin  Harrison 
(referred  to  as  “Steam  1"  and  “Steam  2"*)  were  used  with  accompanying  ambient  temperature  data.  The 
data  were  collected  at  30  second  intervals  and  averaged  to  produce  data  at  5  minute  intervals.  Due  to 
malfunctioning  instruments  or  problems  in  boiler  operations,  erroneous  data  were  recorded  during  several 
intervals.  The  erroneous  data  points  were  simply  replaced  with  adjacent  data.  Since  this  problem  did  not 
occur  frequently,  the  basic  validity  of  the  data  was  not  compromised. 

The  next  step  was  to  aggregate  the  data  into  hourly  data,  which  effectively  smoothed  the  data  in  the 
process  and  reduced  the  impact  of  the  corrections  referred  to  above.  The  initial  study  focused  on  two  data 
segments;  the  segment  covering  March  2  through  March  28  and  the  one  covering  February  1  through 
February  28.  The  February  segment  was  not  the  first  choice  for  several  reasons:  there  was  a  notable 
pressure  drop  in  Steam  2  on  the  morning  of  18  February,  and  there  were  some  wide  oscillations  in  Steam 
1  on  8,  18,  and  19  February.  In  contrast,  both  Steam  1  and  2  were  relatively  free  of  such  anomalies 
throughout  March,  except  for  some  oscillations  in  Steam  1  on  March  12.  Plots  of  the  February  and  March 
data  arc  provided  in  Appendix  A,  and  tables  of  the  data  arc  provided  in  Appendix  B. 

An  additional  consideration  was  the  desire  to  use  data  accompanied  by  temperature  variations  that 
would  affect  steam  flow.  The  March  data  had  such  temperature  swings,  and  since  the  Steam  2  data  were 
the  cleanest,  they  were  chosen  for  the  study.  Some  results  will  be  given  for  the  March  Steam  1  data  and 
for  February  Steam  1  and  Steam  2  data  (to  be  referred  to  as  “the  other  three  data  sets”),  but  the  level  of 
detail  provided  will  be  less  than  that  provided  for  the  March  Steam  2  data. 

The  number  of  data  points  is  adequate  for  Box-Jenkins  modeling  since  the  March  data  had  648 
pcinLs  and  the  February  data  had  672.  For  ARIMA  modeling,  it  is  often  suggested  that  the  number  of 
points  be  greater  than  30  and  less  than  2(XX).  Extra  data  points  simply  make  the  computations  more 
lengthy  without  substantially  improving  the  estimation  of  the  parameters  in  the  models  (Box,  1970). 
Fewer  data  points  make  the  parameter  estimates  more  uncertain. 


In  the  Phase  2  study  these  lines  are  called  the  "Alpha"  and  “Bela"  lines,  respectively,  which  are  their  official  designations  at 
Fort  Benjamin  Hanison. 
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6  MODELING  RESULTS  FROM  THE  PHASE  1  STUDY 


Stationarity  and  Seasonality 

The  first  step  in  identification  of  the  forecasting  model  for  the  March  Steam  2  data  was  to  examine 
its  autocorrelation  function  (ACF).  It  was  found  that  this  function  is  significantly  different  from  zero  for 
lags  up  to  20  periods  (hours).  This  indicated  a  need  for  differencing.  The  ACF  of  the  differenced  series 
died  out  much  more  rapidly  but  had  a  significant  value  at  a  lag  of  24,  indicating  the  patterns  seen  in  the 
data.  The  obvious  transformation  is  to  apply  seasonal  differencing  with  a  period  of  24.  When  this  was 
done  the  ACF  was  marginally  acceptable  as  white  noise  (p=0.028)  except  for  a  persisting  component  at 
a  lag  of  24.  Since  some  seasonal  models  were  to  be  entertained,  it  was  decided  to  proceed  with  the  data 
as  stationary  after  a  differencing  operation  As  might  be  expected,  this  same  differencing  had  the 
same  effect  on  the  other  three  data  sets,  making  the  ACF  function  more  nearly  resemble  that  of  white 
noise. 


Transfer  Function  Employing  Temperature 

Although  various  Box-Jenkins  univariate  models  were  considered  at  this  point,  a  transfer  function 
model  was  preferred  in  order  to  capture  the  change  in  steam  load  due  to  temperature  variation.  Indeed, 
the  correlation  between  the  steam  flow  z,  and  the  temperature  x,.^  is  0.89  when  k=0,  0.88  when  k=l,  and 
0.87  when  k=2.  One  explanation  for  these  results  is  that  they  simply  indicate  the  high  level  of 
autocorrelation  found  in  each  of  the  time  series  for  steam  flow  and  temperature.  However,  we  know  from 
basic  physical  considerations  that  steam  flow  is  correlated  with  temperature.  It  was  also  noted  that  the 
correlation  between  the  differenced  series  was  also  considerable,  so  there  was  an  inducement  to  proceed 
with  such  models. 

As  a  practical  matter,  forecasting  2  hours  ahead  was  desired.  These  forecasts  therefore  needed 
temperature  values  2  hours  ahead,  something  that  only  weather  forecasts  could  provide.  Although  this 
kind  of  model  was  used,  the  time  scries  for  temperature  also  lagged  by  1  to  2  hours  so  the  model  did  not 
need  a  temperature  forecast  as  an  input. 

To  identify  a  model  where  the  input  series  lagged  with  c=0,  1,  and  2,  the  following  fairly  general 
form  of  the  Box-Jenkins  transfer  function  model  (from  Eq  26)  was  used; 


z,  =  [o)(fe)/6((7)]vVj^  +  [e(6)e(6“)/(|>(fe)«l>(6")]a, 


The  approach  used  was  to  examine  the  ACF  and  partial  autocorrelation  function  (PACF)  of  the  residual 
series  in  order  to  determine  the  type  and  order  of  backshift  polynomials  needed  to  reduce  the  residual 
scries  to  white  noise.  The  partial  autocorrelation  function  represents  the  results  of  regressing  the  series 
on  its  first  lag,  then  on  its  first  two  lags,  and  so  on  until  the  last  lag  introduced  into  the  series  turns  out 
not  to  be  statistically  significant.  The  ACF  and  PACF  provide  clues  as  to  the  autoregressive  order  and 
the  moving  average  order  of  the  process.  The  references  by  Box  and  Jenkins  (1970)  and  by  Goodrich 
(1989)  discuss  this  in  great  detail. 
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Two  quantitative  measures  of  goodness  of  fit  were  used.  First  a  chi-square  test  was  automatically 
carried  out  in  SAS  to  test  the  hypothesis  that  the  residual  series  is  white  noise;  the  higher  the  calculated 
significance  level  (the  "p”  value)  is,  the  less  likely  it  is  that  the  hypothesis  should  be  rejected.  Often 
statisticians  use  a  p  value  of  0.05  or  0.10  as  a  lower  cutoff  for  the  significance  level.  Second,  the  ,MC 
was  calculated;  the  smaller  it  is,  the  better  the  fit  is.  These  two  measures  complement  each  other,  since 
the  excessive  inclusion  of  parameters  in  the  model  will  invariably  result  in  a  higher  p  value  for  the  chi- 
square  test,  but  will  also  increase  the  AIC  because  of  “overfitting.” 

When  the  temperature  series  lagged  by  2  hours  (c=2),  the  model  with  the  following  form  left  a 
residual  scries  that  could  not  be  rejected  as  white  noise  (p=0.71)  and  had  an  AIC  of  10095; 


to  (6)  =  -49.2  (])(&)=  (1 -.HOft") 

5(6)  =  1  =  1 

0(6)  =  (1  +.1206) 

0(6^")  =  (1  -.6716'") 


The  moving  average  terms  were  included  to  correspond  to  the  order  of  the  differencing,  as  suggested 
earlier  in  Eq  20.  The  autoregressive  term  at  lag  four  was  included  because  of  a  persistent  term  in  the 
autocorrelation  of  the  residual  .scries.  There  is  a  certain  clement  of  trial  and  error  to  the  development  of 
model  structure  since  an  analyst  is  motivated  by  the  autocorrelation  function  of  the  residual  scries  with 
the  model.  Once  the  model  was  chosen,  however,  the  values  of  all  coefficients  were  automatically 
obtained  by  an  algorithm  that  maximizes  the  likelihood  function.  (A  printout  of  the  results  of  the  model 
specification  is  available  from  the  authors  for  review.) 

So  the  transfer  function  model  takes  the  form 

=  -49.2  +  [(1  +.1206)(1  -.671 6'")/(l +.1406")]a,  lEfi  29] 


when  the  input  (temperature)  series  is  lagged  by  2  hours.  A  variety  of  other  model  formulations  were 
attempted,  but  the  chi-.square  results  and  the  AIC  were  not  as  encouraging.  For  instance,  if  the  MA(1) 
and  AR(4)  terms  arc  omitted,  the  measures  of  goodness  of  fit  deteriorate  with  p=0.20  and  AIC=1011 1. 
If  loo  many  additional  terms  are  included,  the  AIC  eventually  increases,  but  there  is  another  indication 
that  the  terms  are  unneeded.  That  is,  the  .standard  deviation  of  the  estimate  of  the  parameter  turns  out  to 
be  so  large  that  the  c.stimated  parameter  value  cannot  be  claimed  to  be  significantly  different  from  zero. 

When  based  on  a  temperature  scries  lagged  by  1  hour  (c=l),  the  estimated  model  takes  the  form 
=  -63.6 vvj,;c,  ,  +  [(1  +.09466)(1  -.6726'‘')/(l  +.1296")]a,  [Eq  30] 


with  residuals  acceptable  as  white  noi.se  (p=0.79)  and  an  AIC  of  10105.  When  the  current  temperature 
(c=0)  is  used,  the  model  takes  the  form 
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=  -145.2  +  [(1  +.0749fe)(l  -.6576^")/(l +.142)&'‘)]a,  t^q  31] 


with  residuals  acceptable  as  white  noise  (p=0.946)  and  an  AIC  of  10078.  Apparently  the  last  model  is 
superior  to  the  others  in  terms  of  fitting  the  historical  data  without  overfitting  due  to  using  loo  many 
parameters.  However,  as  mentioned  earlier,  the  forecast  of  would  require  be  given.  Thus  the 
forecast  k  hours  ahead  for  steam  demand  would  require  that  the  temperature  be  forecast  k  hours  ahead  and 
input  to  the  forecast  equation.  As  an  alternative,  the  lagged  temperature  models  were  retained  and 
compared  in  terms  of  forecast  error. 

To  verify  the  transfer  function  model,  an  identification  process  was  begun  by  “prewhitening”  the 
temperature  series.  The  model  identified  was 


(1  -.65b)vv^^x,  =  (1  -.21b)(l -.90b)a, 


[Eq  32] 


which  left  a  residual  series  as  white  noise  (p=0.49).  If  this  prewhitening  transformation  is  then  applied  to 
the  steam  flow  data,  the  cross  correlation  between  the  prewhitened  input  and  transformed  output  can  be 
used  to  identify  the  terms  in  the  transfer  function.  In  fact,  this  was  done  and  the  transfer  function  was 
found  to  have  the  simple  form  indicated  in  Eq  31,  with  steam  flow  being  directly  proportional  to 
temperature  (possibly  lagged  slightly). 


Models  From  the  Literature 

To  further  verify  the  modeling  effort  reported  in  the  section  above,  a  number  of  model  forms  found 
in  the  literature  were  considered  and  the  appropriate  parameters  estimated  to  specify  the  model.  The 
models  reported  by  Hagan  and  Klein  (1977)  were  attempted  first.  The  standard  deviations  of  several  of 
the  parameter  estimates  were  3(X)  percent  of  the  estimates  themselves.  A  number  of  variatioas  were 
attempted,  eliminating  parameters  until  the  model  reduced  to  the  model  given  in  Eq  31. 

The  Hagan  and  Behr  (1987)  formulation  was  also  allcmptcd,  with  the  initial  result  being  that  the 
parameter  estimation  scheme  did  not  converge.  Only  when  the  model  was  put  essentially  in  the  form  of 
Eq  31  did  the  parameter  estimates  converge  and  the  residuals  approach  white  noise. 

The  models  suggested  by  Keyhani  and  Rad  (1977),  which  are  similar  to  dynamic  regression  in  form, 
were  specified  and  parameters  estimated.  An  example  of  the  kind  of  result  obtained  is 


(1 -1.18(?  +  .21/7^-. 17/7^^  +  . 164^5^)7,  *  20592 -44.4x,.3  [Eq  33] 


resulting  in  a  test  of  residuals  for  white  noise  with  p=0.065  and  an  AIC  of  10389.  No  forecasting  was 
performed  with  this  model  since  the  goodness  of  fit  test  results  were  inferior  to  the  model  already 
obtained. 
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None  of  ihe  approaches  mentioned  in  the  literature  appeared  to  be  more  promising  than  the  models 
described  in  Eqs  29,  30,  and  31,  obtained  by  applying  fundamental  Box- Jenkins  principles  to  the  data  at 
hand. 


Models  for  the  Other  Three  Data  Sets 

A  few  results  will  be  given  for  the  other  three  data  sets  to  indicate  the  robustness  of  the  model  form 
suggested  for  the  March  Steam  2  data.  The  results  of  forecasting  with  these  models  will  be  provided  in 
Chapter  7,  where  they  can  easily  be  compared  with  one  another.  For  the  March  Steam  1  data,  the  model 
identified  for  the  temperature  lagged  by  2  hours  was 

vvj^z,  =  -83.2  +  [(1  +.8876)(1  -.8856")/(l  +.2846 +  .1756 [Eq  34] 


The  fit  was  not  as  good  for  these  data  since  p=0.12  in  the  chi-square  test  for  the  residuals.  When  the 
February  Steam  2  data  were  modeled,  the  following  transfer  function  model  was  identified: 

=  -48.7vvj^x,.j  +  [(l+.1246)(l-.9386")/(l+.106^  +  .2586'')]a,  [Eq  35] 


with  a  chi-square  test  of  the  residuals  giving  p=0.35.  Finally  the  February  Steam  1  data  were  modeled 
and  the  following  transfer  function  model  was  identified: 

vvj^z,  =  -79.2  +  [(1  -.8286)(1- 9056“)/(l  *A64b^)]a,  [Eq  36] 


with  p=0.56  for  the  test  of  the  residual  scries  as  white  noise.  The  AIC  values  were  not  given  here  because 
it  only  makes  sense  to  compare  AIC  for  different  models  obtained  from  the  same  data  set.  Although  it 
may  appear  that  these  models  are  equally  as  attractive  as  Eq  29  for  the  March  Steam  2  data,  it  will  be 
shown  in  Chapter  7  that  the  forecast  errors  turn  out  to  be  larger.  Some  of  this  difficulty  may  be  attributed 
to  the  problems  with  the  other  three  data  sets,  as  discussed  in  Chapter  5. 
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7  FORECASTING  RESULTS  FROM  THE  PHASE  1  STUDY 


Tlic  models  for  March  Steam  2  data  specified  by  Eqs  29,  30,  and  31  were  used  to  forecast  1  hour 
ahead  for  the  last  week  of  March.  A  sample  SAS  printout  for  Eq  29  is  available  from  the  authors  for 
review.  The  standard  deviation  of  the  1  hour  ahead  forecast  error,  o,.,  is  used  as  a  quantitative  measure 
of  predictive  accuracy.  For  temperature  lagged  by  2  hours  (Eq  29),  05=61!;  for  temperature  lagged  by 
1  hour  (Eq  30),  05=618;  and  for  temperature  not  lagged  (Eq  31),  05=607.  The  mean  of  the  forecast  for 
the  last  week  of  March  was  14443,  so  the  standard  deviation  of  the  forecast  error  is  only  about  4  percent 
of  the  value  of  the  forecast.  This  result  is  ver>'  encouraging  and  indicates  that  accurate  forecasts  up  to  a 
few  hours  ahead  could  likely  be  obtained  with  similar  transfer  function  models. 

Forecasting  results  for  the  models  identified  for  the  other  three  data  sets  arc  not  as  encouraging. 
For  March  Steam  1  (Eq  34),  05=549.  This  is  not  an  encouraging  result  since  the  mean  forecast  for  this 
line  for  the  last  week  of  March  is  4589.  Therefore,  the  standard  devi;uion  of  the  forecast  error  is  about 
12  percent  of  the  mean  value  of  the  forecast.  For  February  Steam  2  (Eq  35),  05=1701,  which  was  about 
9  percent  of  the  mean  value  of  the  forecast  (18487).  Finally,  for  February  Steam  1  (Eq  36),  05=926, 
u  hicli  was  about  1 1  percent  of  the  mean  value  of  the  forecast  (7997). 

At  this  time  it  is  not  known  with  certainty  why  the  models’  forecast  errors  for  the  other  three  data 
sets  are  so  large.  The  most  likely  reason  seems  to  be  the  quality  of  the  data,  as  discussed  in  Chapter  5. 
The  March  Steam  2  data  was  initially  chosen  for  the  most  thorough  investigation  because  it  had  the  fewest 
obvious  anomalies.  In  order  to  use  the  other  data  sets,  it  would  have  been  ncccs.sary  to  repair  large 
segments  of  the  records,  making  it  difficult,  therefore,  to  interpret  the  results  of  the  model  fitting  effort. 

Once  a  predictive  model  is  online,  it  might  prove  effective  to  replace  aberrant  data  segments  with 
the  predicted  values  until  cither  a  malfunctioning  sensor  is  repaired  or  a  problem  in  boiler  operations  is 
reclined.  The  upper  and  lower  95  percent  confidence  limits  provided  by  the  model  could  aid  in  the 
iiientificalion  of  such  a  problem  with  incoming  data. 

Tile  process  of  fitting  the  model  to  a  segment  of  the  data  and  then  comparing  the  predictions  to  the 
actual  values  was  not  carried  out  here  as  it  would  not  have  been  informative.  The  SAS  software  package 
requires  that  an  ARIMA  model  be  filled  lo  ihc  inpul  scries— lempcralurc,  in  ihis  case— so  lhai  llic 
temperature  values  arc  available  for  use  in  future  forecasts.  Such  an  ARIMA  model  was  constructed 
during  the  prewhitening  of  the  scries  to  validate  the  transfer  function  model.  Unfortunately,  if  this  model 
is  used  to  produce  forecasts  I  week  ahead,  it  will  be  impossible  to  di.sccm  how  much  of  the  forecast  error 
is  caused  by  inaccumte  temperature  prediction  and  how  much  is  due  to  Ihc  forecast  model  it.sclf.  In 
practice  of  course,  a  recent  temperature  measurement  is  usually  available,  and  .such  a  forecast  temperature 
would  not  be  used.  In  fact,  ba.scd  on  a  temperature  measurement  that  is  lagged  by  2  hours,  the  transfer 
function  model  predicts  steam  flow  well. 
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8  RESULTS  FROM  THE  PHASE  2  STUDY 


Models  Considered 

During  Phase  2  of  this  research,  Forecast  Pro  software  was  used  for  model  building  and  forecasting. 
As  mentioned  before,  this  software  serves  the  planning  and  control  needs  of  the  utility  industry  with  a 
built-in  expert  system  to  lead  users  through  the  steps  of  model  identification.  The  following  models  were 
considered  by  this  software; 

1.  Exponential  smoothing 

a.  Simple  exponential  smoothing 

b.  Holt  two  parameter  exponential  smoothing 

c.  Damped  two  parameter  exponential  smoothing 

d.  Winters  three  parameter  exponential  smoothing 

e.  Damped  three  parameter  exponential  smoothing 

2.  Box-Jenkins  univariate  ARIMA 

3.  Dynamic  regression. 

Since  descriptions  of  these  models  are  provided  in  the  software  manual,  only  highlights  will  be 
presented  here. 

Exponential  Smoothing  Models 

Exponential  smoothing  techniques  arc  easy  to  use  and  to  understand  conceptually.  This  model 
should  be  used  when  the  data  will  not  support  a  correlational  approach  like  Box-Jenkins  or  dynamic 
regression.  This  can  happen  when  cither  the  historical  data  arc  too  short  to  support  accurate  calculation 
of  correlational  coefficients  or  the  correlations  arc  not  stable.  A  comprehensive  review  was  written  by 
Gardner  (1983),  who  classified  17  basic  methods.  Forecast  Pro  includes  five  methods  from  the  Holt- 
Winters  (Holt,  1957;  Winters,  1960)  family.  The  empirical  evidence  cited  by  Gardner  favors  these  five 
methods  over  the  others.  The  time  series  is  assumed  to  be  modeled  by  one,  two,  or  three  components  that 
represent  the  level,  trend,  and  seasonality  of  the  scries.  If  the  model  includes  a  trend,  then  that  trend  is 
either  forecasted  linearly  into  the  future,  or  forecasted  as  a  damped  exponential  that  eventually  dies  out 
to  a  constant  level.  Each  technique  uses  recursive  equations  to  obtain  smoothed  values  for  model  com¬ 
ponents.  Thus  simple  smoothing  uses  one  equation  Oevcl),  Holt  smoothing  uses  two  (level  and  trend), 
and  Winters  uses  three  (level,  trend,  and  seasonal). 

Box-Jenkins  Univariate  ARIMA  Model 

Box-Jenkins  univariate  ARIMA  procedures  were  implemented  in  Forecast  Pro.  TTie  main 
requirement  for  Box-Jenkins  is  that  the  data  have  a  stable  autocorrelation  function.  Exponential  smoothing 
is  a  better  choice  if  the  autocorrelation  functions  arc  not  stable  or  the  data  are  too  short— say  less  than  40 
points.  If  there  are  significant  leading  indicators,  then  a  dynamic  regression  model  might  be  the  preferred 
choice.  The  Box-Jenkins  ARIMA  (p,d,q)  model  is  shown  below; 

PiB)il  -BYY,  =  Q{B)e, 
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where  B  is  backward  shift  operator 

P(B)  is  autoregressive  polynomial  of  order  p 
Q(B)  is  moving  average  polynomial  of  order  q 
Y,  is  observed  value  at  time  t 
and  Ct  is  one-step  forecast  error.* 

Box-Jenkins  models  the  autocorrelation  function  of  a  stationary  time  series  with  the  fewest  possible 
parameters.  It  includes  moving  average  terms  that  dynamic  regression  does  not,  and  thus,  theoretically, 
will  produce  the  optimal  univariate  model.  The  major  difficulty  is  to  decide  which  ARIMA  (p,d,q)  model 
best  fits  the  data.  The  Forecast  Pro  expert  system  will  identify  the  degree  of  differencing  d,  the 
autoregressive  order  p,  and  the  moving  average  order  q  automatically  by  minimizing  the  BIC  criterion. 
It  is  recommended  that  automatic  Box-Jenkins  always  be  used  first.  If  it  is  suspected  that  a  better  model 
ctui  be  obtained,  variations  around  the  automatic  model  can  be  tried  next,  and  then  the  BIC  criterion  can 
be  used  to  make  the  final  selection. 

Dynamic  Regression  Model 

Dynamic  regression  should  be  used  when  the  data  are  numerous  enough  and  stable  enough  to 
support  a  correlational  model.  With  inclusion  of  explanatory  variables,  dynamic  regression  will  generally 
provide  a  definite  increase  in  accuracy  of  fit.  The  dynamic  regression  model  (Goodrich,  1989)  is  shown 
below; 


J?(S)  P(_B)  Y,  =  R{B)  Const)  +  e, 


where  Xi  is  explanatory  variable  value  at  time  t 
p  is  coefficient  of  X, 

R(B)  and  P(B)  arc  autoregressive  polynomials 
and  Const  is  constant. 


Modeling  Results  Using  Forecast  Pro  Software 

Both  Alpha  (Steam  1)  and  Beta  (Steam  2)  line  flows  measured  at  Fort  Benjamin  Harrison  in  March 
1989  were  used  separately  to  build  three  models  mentioned  previously  (Winters’  three  parameter 
smoothing,  Box-Jenkins,  and  dynamic  regression)  using  the  Forecast  Pro  software.  Four  hundred  eighty 
hourly  average  Alpha  line  steam  flows  from  2  March  through  21  March,  and  the  heating  degree  hours  (65 
minus  the  ambient  temperature  in  degrees  Fahrenheit**)  are  plotted  in  Figures  A1  through  A4.***  Steam 
flows  calculated  from  the  Box-Jenkins  and  dynamic  regression  models  are  shown  (labeled  BJ  and  DR 
respectively).  As  can  be  seen,  the  steam  flow  increased  with  increasing  heating  degree  hours.  Steam  flow 
calculated  from  the  dynamic  regression  model  appeared  to  closely  match  the  measured  value.  Forty-eight 


Note  that  this  is  the  same  model  given  in  Eq  16,  expressed  in  notation  compatible  with  the  software  used  in  tlie  Phase  2  study. 

**  O..S.‘)('’F-32)  =  °C. 

”  All  figures  and  tables  are  presented  at  the  end  of  this  chapter.  The  following  nonconventional  numbering  of  figures  and  tables 
is  used  to  facilitate  data  and  error  comparisons:  items  beginning  with  the  letter  A  refer  to  Alpha  line  (Steam  1)  data;  items 
beginning  with  B  refer  to  Beta  line  (Steam  2)  data;  items  beginning  with  C  offer  various  comparisons  or  summaries;  the 
decimal  numbers  u.sed  on  the  rest  of  the  items  refer  to  the  month  and  year  those  figures  and  tables  represent. 
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and  23  March  1989  arc  also  shown.  Again,  the  forecast  values  matched  nicely  with  those  measured.  The 
48  hour  forecast  errors  from  the  Box-Jenkins,  Winters’  three  parameters,  and  dynamic  regression  models 
are  plotted  in  Figure  A6.  Errors  generated  from  the  first  24  hour  forecasts  appeared  to  be  about  equal  for 
all  three  models.  However,  errors  for  the  last  24  hours  stayed  relatively  small  with  the  dynamic  regression 
model,  probably  because  the  ambient  temperature  effect  was  taken  into  account  in  this  model. 

Similar  results  for  Beta  line  flows  are  presented  in  Figures  B1  through  B6.  Forty-eight  hour  forecast 
errors  from  the  three  models  for  the  Beta  line  arc  about  half  of  those  for  the  Alpha  line  when  Figure  B6 
is  compared  with  Figure  A6.  Again,  the  three  model  forecasts  showed  similar  errors  during  the  first  24 
hours,  and  for  the  last  24  hours,  smaller  errors  were  maintained  with  dynamic  regression.  The  similarity 
observed  for  the  two  steam  lines  in  terms  of  model  fit  and  forecast  error  tend  to  confirm  that  all  three 
models  will  do  an  adequate  job  for  24  hour  forecasting.  Only  dynamic  regression,  which  also  requires 
weather  information,  is  good  for  longer-term  forecasting,  however. 

Beta  line  steam  flows  and  ambient  air  temperatures  measured  at  Fort  Benjamin  Harrison  from 
February  1989  through  September  1990  were  then  used  to  compare  forecasts  from  Box-Jenkins  and 
dynamic  regression  models  using  Forecast  Pro.  In  each  month,  a  model  was  built  with  up  to  20  days’ 
average  hourly  steam  flows,  and  a  24  hour  forecast  was  obtained.  Only  20  days  of  flow  values  were  used 
in  this  exercise  because  Forecast  Pro  can  only  handle  a  maximum  of  480  data  points  for  model  building. 
The  monthly  model  parameter  values  arc  listed  in  Tables  Cl  and  C2  for  Box-Jenkins  and  dynamic  regres¬ 
sion,  respectively.  The  average  percentages  of  errors  for  the  24  hour  forecast  arc  shown  in  the  last  column 
of  these  two  tables,  and  also  in  Figure  Cl. 

Actual  Beta  line  steam  flows  and  24  hour  forecast  values  obtained  from  Box-Jenkins  and  dynamic 
regression  as  well  as  the  forecast  errors  arc  listed  in  Tables  2.89  through  9.90  for  February  1989  through 
September  1990  whenever  valid  data  were  recorded.  Data  for  June  and  July  of  1990  were  lost  due  to 
problems  in  telephone  line  communication.  The  24  hour  forecast  errors  for  the  data  in  Table  2.89  through 
9.90  are  plotted  in  Figures  2.89  through  9.90  for  Box-Jenkins  and  dynamic  regression  models.  A  typic.'l 
computer  printout  from  Forecast  Pro  is  shown  in  Appendix  C  using  March  1989  flow  data. 

After  examining  the  20  month  modeling  results  it  was  confirmed  that  Box-Jenkins  and  dynamic 
regression  methods  do  an  adequate  job  for  24  hour  forecasting,  with  dynamic  regression  performing 
slightly  better.  Also,  it  appears  that  during  a  24  hour  forecasting  period,  if  ambient  temperatures  do  not 
show  significant  change,  the  forecast  errors  may  be  as  low  as  1  percent  or  less. 
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Figure  A2,  Alpha  Line  Steam  Flow  and  Heating  Degree  Hours  (3/7/89  to  3/11/89). 


Figure  A4.  Alpha  Line  Steam  Flow  and  Heating  Degree  Hours  (3/17/89  to  3/21/89). 
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Figure  A5.  Alpha  Line  Steam  Flow  and  Heating  Degree  Hours  (3/22/89  to  3/23/89). 
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Figure  Bl.  Beta  Line  Steam  Flow  and  Heating  Degree  Hours  (3/2/89  to  3/6/89). 
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Beta  Line  Steam  Flow  and  Heating  Degree  Hours  (3/7/89  to  3/11/89). 
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Figure  B3.  Beta  Line  Steam  Flow  and  Heating  Degree  Hours  (3/12/89  to  3/16/89). 
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Figure  B4.  BeU  Line  Steam  Flow  and  Heating  Degree  Hours  (3/17/89  to  3/21/89). 
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Table  2.89 


Measured  and  Model-Prediefed  Sfeam  Flow  Dala  for  February  1989 


HOUR 

DR 

BJ 

DR  ERR 

BJ  ERR 

(Ibs/ltf) 

_ m _ 

_ m _ 

Mlill  Hl'lll 

Mill  11  nil 

MBVZfZl 

1 

17858.4375 

-1.8620 

2 

17439.5800 

17868.8359 

18878.7930 

-2.4614 

ME^^3 

3 

18037.9500 

17884.6602 

18899.8809 

0.8498 

-4.7784 

4 

19276.9800 

17865.4453 

18821.0625 

7.3224 

2..36.51 

5 

19387.4000 

17885.7383 

Mil  imiii 

7.7456 

2..5083 

6 

18913.9100 

18012.3262 

18951.9.570 

4.7668 

7 

18635.4700 

17980.1758 

19012.4609 

3.5164 

-2.02.30 

8 

18247.9600 

18031.0371 

19071.0977 

1.1888 

-4.5108 

_ 9 _ 

Miiiumii 

MMSi!! 

MBIlFa 

11 

■Kliinni] 

12 

■inFnTXTiitlii 

MimUEfil 

MBSHTil 

13 

Ml  mill  11 

Mhlimill 

-1.4018 

14 

17615.1200 

18218.8652 

19780.9590 

-'SATIA 

-12.295.3 

15 

17534.0200 

182.36.2871 

19736.0059 

-4.0052 

-12.5584 

16 

18576.2600 

18239.8203 

19615.9.3.55 

1.8111 

-5. .5968 

17 

19117.6400 

18333.1.582 

19632.027.3 

4.10.34 

-2.6906 

18 

19653.57(K) 

18.525.37.50 

19629.5664 

5.7404 

0.1221 

19 

19297.38(X) 

18749.0957 

Mlllllhll 

2.8412 

-1.7744 

20 

20002.3000 

18982.1211 

19652.738.3 

MBEia 

M^^ 

21 

1 

I 

1 

Ml  INI  Mill 

22 

—nTTiirfi 

19621.8672 

■Mn^ 

23 

wm&m 

MMM 

2.4901 

1 

18.3 10.5 179851 

I93I7.6940I04 

I..5.583 

-3.9260 

TIME  (HR) 

Figure  2.89.  24  Hour  Forecast  Error  for  February  1989. 


Table  3.89 


Measured  and  Mndel-Predieted  Steam  FImv  Data  fr»r  March  198‘) 


HOUR 


MUASURl^ 


DR  1:RR 


18912.0000 

17424  2161 

18420  1465 

7.8<'.68 

2U155.2(¥)0 

l*n'>6  7188 

18517.4609 

4.25*74 

184*8).  KKtO 

1*7026,1621 

18741  4746 

-2.8*7*72 

18,5<M,5000 

20508  8140 

18820.1487 

-10.29.52 

18265.2(y)0 

212954)019 

1*7062.5176 

■16.5878 

19014.4000 

l‘7272.5«i05 

19128  0176 

- 1 .4640 

l')628.1(yK) 

22250.4<4)*7 

OMM6  6855 

-14.4591 

16958.  UKH) 

21  111  1710 

-24.6211 

17688,.5(KM) 

■■ESSSlSSQ 

1*7201,4766 

4.0*762 

18161  *7000  1 

1  15289.4740  1 

1*7558.4828 

15  8162 

■imMi 


-s 


I74%.8(yxi 


425.75 


iSlI 


n457,(l7<M 


r2‘)76.5(n‘) 


I2K69.2227 


14415.6428 


I4I(M.9HK4 


146 19.7568 


15126.9814 


1,5510.20.11 


16,526.1719 


492.9720 


[IJKIK9  _ 

imKmMsm 


2.2469 


19646.4258 

I7.2W)9 

197 12.5781 

12.8010 

19774.8262 

9.7022 

1*7848.4824 

16.4885 

1*78*70,8027 

1.5.ryi41 

1*7*749.11457 

17.8846 

2(8)14.0704 

17.8768 

2001)  1.6094 

15.2070 

20115.4248 

12.7142 

20 14 5. *7570  I 

12.6*754 

5.5475 


ItJ  FRR 

‘ii _ 


4  1295 


8  1256 


-1.4054 


-I  2145 


-4.4652 


2.%41 


-13.2455 


-8.5544 


-7.6891 


-20.1969 


-42  9154 


-27.8254 


-40.4520 


-21.9287 


-16.5275 


-16.3552 


-16.0715 


-14.2527 


iiijinrrmi— iiii'iiiiii 


\ ./ 


IIMH(HR) 

Figure  3.89.  24  Hour  Forecast  Error  for  March  1989. 
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Table  4.89 


Measured  and  Model-Predicted  Steam  Flow  Data  for  April  1989 


mmm 

DR 

_ BJ _ 

1  .  ! 

Obs/lir) 

(Ibs/lirl 

_ m _ 

_ m _ 1 

12337.5000 

12805.0332 

MIIIHillll 

t 

12375  76(X) 

13 173  0107 

12647  9199 

_ -7.3091 

-3.0317  1 

2 

12715.3300 

13601.2822 

Miiim  III 

mmmm 

5 

12690.4100 

14026.8086 

12989.5215 

-10.5308 

-2.3570 

4 

12946.8800 

14380.3418 

13145.5000 

-11.0719 

-1.5341 

5 

12504.0800 

14820.9990 

13292.3633 

-18.5293 

6 

I28‘X1.7800 

14964.9336 

13430.6445 

-15.6248 

-4.1880 

7 

13256. 5900 

1,5073.6875 

13.560.8447 

-13.6996 

-2.2951 

8 

13436  5000 

15076.6602 

-12.2068 

-1.8378 

9 

12762.3300 

1.5075.33.30 

13798.8623 

-18.1237 

-8.1218 

10 

14825.3818 

■Mrnin 

iMiFim 

11 

Mllllllll  1 

HiriVJiVZM 

mmmm 

12 

■nRSEfaiiil 

■KmzTm 

13 

14082.2188 

■BFXSZni 

mmmm 

14 

117.56.5400 

13845.6699 

14282  3613 

-17.7699 

-21.4844 

15 

11971.9800 

13644.5811 

14362.7871 

-13.9710 

-19.9700 

16 

11995.4400 

13527.2861 

14438.5137 

-12.7702 

-20.3667 

17 

11815.7400 

13428.7803 

14.509.8145 

-13.6516 

18 

11946.1500 

13394.8535 

14576.9482 

-12.1269 

-22.0221  1 

19 

12764.3900 

13.370.8672 

14640.1592 

-4.7513 

—111  III 

20 

11491.3.500 

1341.3.9189 

14699.6758 

-16.7.306 

-27.9195 

21 

11701.4800 

13457.6895 

14755.7148 

-15.0084 

-26.1013 

22 

Miiimiii 

Mill  llll'l 

■mnn 

— 

23 

1  12434.8800 

13634,9355 

Ml"!  mini 

ii  hiiiimim  m  i  imii  i  i  imi 


TIML(HR) 

Figure  4.89.  24  Hour  Forecast  Error  for  April  1989. 
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Table  5.89 


Measured  and  Model-Predicted  Steam  Flow  Data  for  Mav  1989 


Table  6.89 


Measured  and  Model-Predicted  Steam  Flow  Data  for  June  1989 


HOUR 


3934.4000 


13819,0X00 


rn»nriiiiKiii—rniuHii 


13987.2.SOO 


13852,4800 


1.3929.08m 


13791.78m 


14269.43m 


13908.80m 


53m 


1 3 149  9629 


14365.7021 


14948.5889 


15207.3027 


15571.2520 


15741.6592 


15387.8193 


14190.8721 


14258.6123 


tmmcii 

mraii 


14314  2480 


14.543.4980 


14603.8252 


14657.5459 


14705.3838 


14747.9834 


14785.9180 


fEmm 


14 

1.3.56.5.13m 

14452.58.50 

14921.6660 

15 

1436590m 

15322.2070 

14940.5820 

16 

13557.80m 

1.5513.2.363 

14957.4268 

17 

13.566.18m 

14453.4609 

14972.4268 

18 

13.529.28m 

14.306.7646 

14985.7852 

19 

13470.70m 

14258.8477 

14997.6807 

20 

14.544.0500 

14331.7.324 

15008.2734 

21 

1347.5.98m 

14631.8662 

1.5017.7061 

3434.5 

1 

4750.29 

gaTTflTlTTIII 


13872,33m 


14922,8945 


1.5033.5859 


ami 


3.3947 


-2.7418 


-12.4077 


-13.0129 


0.5505 


-2.5150 


-14.4230 


-5.7467 


-5.8.508 


1.4598 


8.5774 


nma\ 


-3.9768 


-5.4239 


-5.2298 


-3.3537 


6.3062 


9mm\ 

m 


10.0002 


-4.0003 


-10.3234 


-10.3658 


10.7656 


-11.3356 


-3.1918 


•11.4405 


imssmm mmmm  1 1  pimn  nmn  iii—fn  n  i  mi 


TIME  (HR) 

Figure  6.89.  24  Hour  Forecast  Error  for  June  1989. 
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Table  7.89 


lVIea<!iirpfl  and  Model-Predicted  Steam  Flow  Data  for  July  1989 


IIUUR 


IMKXIIICai 


13164.5000 


12750.3500 


12871.1.500 


13162.3000 


13829.8800 


13666.1300 


13608.1300 


15.353.0000 


14325.5000 


nsnmai 

Rcami 


3533.2949 


13545.5.527 


13578.2129 


1.3583.0762 


13582.6260 


13595.0186 


13593.2803 


13.547.3916 


13500.4668 


13477.9775 


nmnsgai 

kkjeu^^yjl 

IfciiM/A^dil 


ni(r.5'4ti?diii 


1.3628.6611 


1362 


13628.6611 


13628.6611 


13628.6611 


13628.6611 


13628.6611 


13628.6611 


13628.6611 


-5.5.312 


-3.1934 


1.6982 


0.5331 


0.4463 


12.0663 


5.9162 


-3.52.59 


-3.5432 


1.4550 


0.2742 


11.2313 


4.8643 


14 

9673.0300 

1339.3.1445 

1-3628.6611 

-38.4586 

■EHIKI 

15 

18201.1800 

1.3390.1270 

13628.6611 

26.4326 

16 

18265.3000 

13316.7725 

1.3628.6611 

27.0925 

25.3850  1 

17 

18048.0800 

13313.8.555 

Mil  III  III 

26.2312 

Til  II 

18 

17082.1300 

13304.1631 

13628.6611 

22.1165 

20.2169 

19 

17013.7800 

13346.3057 

13628.6611 

21.5559 

19.8%3 

20 

16740.8300 

13409.8301 

13628.6611 

19.8975 

18.5903 

21 

163I8..5300 

13445.1963 

13628.6611 

17.6078 

16.4835 

1.5891.35 


\\imm\  ri  i  r  iti  imi  i  i  ii  '  iiimi  ii  i  i  iwm\  mil 


»i!»l 


fiWIIUl 


TIME  (HR) 

Figure  7.89.  24  Hour  Forecast  Error  for  July  1989. 
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Table  8.89 


Measured  and  Model-Predicted  Steam  Flow  Data  for  August  1989 


HOUR 

mR^^n 

MUfiHinrii 

MU  II  mil  1 

1 

13082.9500 

13163.5752 

13493.9756 

■■KlEIfl 

2 

13566.3800 

12954.2666 

13428.1426 

4.5120 

1.0190 

3 

13020.2.500 

12691.1670 

13366.2031 

-2.6570 

4 

13146.7800 

12518.1289 

1.3307.8613 

4.7818 

-1.2253 

5 

12347.2800 

12403.9766 

13252.8984 

-7.3.346 

6 

12318.2800 

12279.0996 

13201.1172 

0.3181 

-7.1669 

7 

12283.1300 

12276.7324 

131.52.3330 

0.0521 

-7.0764 

g 

1 1809.5800 

12683.8799 

13106.3730 

■■SS3I 

-10.9809 

9 

12601.4800 

12898.4883 

13063.0732 

-2.3569 

-3.6630 

11 

■■nFFin 

1 

is 

1 

1 

■nm 

12 

TTiiiiini 

mtmm 

13 

HUSZX:!»I 

14 

14120.5.5(X) 

13358.94.53 

12881. .3887 

5.39.36 

8.77.56 

15 

14255.8000 

13275.7520 

12851.1113 

6.8747 

9.8535 

16 

13963.9300 

13272.7754 

12822.5869 

4.9496 

8.1735 

17 

13802.3.500 

13295.1689 

12795.7129 

.3.6746 

7.2932 

18 

13568..3000 

13164.5820 

12770.3945 

2.9754 

5.8807 

19 

1.3462.6800 

1.3004.4775 

12746.5420 

3.4035 

5.3194 

20 

13392.8800 

12906.4189 

12724.0703 

3.6.322 

4.9938 

21 

13118.28(K) 

12858.09% 

12702.8984 

1.9833 

3.1664 

22 

12682.9521 

mi^il 

_ 22 _ 

TT'ITTI'TII 

1 

1 

ii 

■mm 

Mill'  !"i  »r  ■ 

1 

I 

I 

—ITIllll'lgl 

1.2589 

Figure  8.89.  24  Hour  Forecast  Error  for  August  1989. 
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Table  9.89a 


Measured  and  Model-Prediefed  Steam  Flow  Data  for  September  l'),S9 


HOUR 


iKlSffiSlWBI 


9I62.0(VX) 


9181  2,sm 


9191.1000 


9189  6100 


9179  7100 


9174.2100 


9168  2800 


92120800 


927*5.4100 


9197.8800 


9185Ji300 


9 


ni.^soo 


?5.0.‘i00 


9161.8.100 


9178.8100 


91814000 


9216.8.V)0 


9267..5100 


9190.5500 


9165.2800 


9140.8500 


rll 


EliXSIKII 


174.102 


9178.25.59 


9177.7070 


9188.7285 


9181.6074 


9184.0049 


9181.5112 


9181.5869 


9181.7021 


9181.1621 


9181.111 


181.2510 


9181..5049 


9181.2607 


9181.1855 


9181.0810 


9181.12.52 


9181.5146 


9181.,5879 


9181.7124 


9181.80.57 


9181.8710 


82  6245 


mamai 

mmsm\ 


9177.9451 


9177.9451 


9177.9451 


9177.94.51 


9177.9451 


9177.9451 


9177.9451 


9177.9451 


9177.9451 


9177.9451 


9177.94.51 


9177.9451 


9177.9451 


9177.9451 


9177.9451 


9177.9451 


itAnall 


0.0.544 


0.1696 


0.0098 


0.3110 


1.0105 


ummi 


-0.0475 


0.0015 


0.1617 


0.9066 


0.0758 


IlhlllllllMlil 

SXiira:] 


^1 


0.0 


0.1670 


0.1272 


0.0194 


0.3705 


1.0510 


0.2167 


0.0096 


0.0.594 


0.4221 


0.9667 


0.1371 


0.1382 


0.4058 


DIGS 


IIME(IIK) 


Figure  9.89a.  24  Hour  Foreca.sl  Error  for  September  1989. 
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Table  9.89b 


Measured  and  Model-Predicted  Steam  Flow  Data  for  September  1989 
R;»spfl  nn  f''oolint>  Decree  Data 


ftOl'R 


II  II I  IIIIIMIlill'IIVlilll 


9996.2 


10414.8300 


10148.4800 


10407.0000 


14843.8.300 


13784.7000 


14444..S500 


14407.5000 


13796.5300 


14169.6(XX) 


11971.10(X) 


12650.28(X) 


12427.2.5(X) 


12626.9(KX) 


riRSXiliTiai 

rog:Uj.aME]Bgriii^Batg^i 


13193.1973 


12865.8936 


12752.6455 


12667.0322 


14090.9727 


13061.1084 


13467.3535 


13135.9922 


rfnifZ!siii 

nrnimi 


13112.4229 


13363.7002 


13434.5449 


13308..5811 


13222.6152 


12978.3438 


13112.3945 


13095.1924 


13256.5596 


14642.2451 


13185.8965 


iKiEnimii 

immai 

IfFmCTUII 


liVil  ritinilwii  iiiiiinm 


flMimCS] 

mswm 


-26.6770 


-26.7766 


-22.5391 


-29.3094 


-29.4380 


-27.0408 


10.6931 


-1.4180 


5.2492 


HBiiag 


4..3440 


13299.8252  1 

9.2224 

7.92.50 

UMESES^ 

7.2448 

6.4579 

13515.6104 

2.6237 

2.0.362 

13457.9219 

6.0765 

5.0226 

13442.0625 

-10.4.545 

-12.2876 

I32I9.5%7 

-2.5933 

-4.5004 

13.384.9326 

-5.5132 

-7.7063 

13.392.2217 

-3.7087 

-6.0610 

I 

1 

1 

■■ClCn!!! 

■KX!^ 

Mill!  Wllill 
Mllllill  >!■ 

TIME  (HR) 


Figure  9.89b.  24  Hour  Forecast  Error  for  September  1989  Based  on  Cooling  Degree  Hour  Data. 
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Table  11.89 


Measured  and  Model-Predicted  Steam  Flow  Data  for  November  1989 


TIME  (HR) 

Figure  11.89.  24  Hour  Forecast  Error  for  November  1989. 
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Table  12.89 


Measured  and  Model-Prediefed  Steam  Flow  Data  for  December  1989 
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Figure  12.89.  24  Hour  Forecast  Error  for  December  1989. 
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Table  1.90 


Measured  and  Model-Predicted  Steam  Flow  Data  for  January  1990 
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Figure  1.90.  24  Hour  Foreca.st  Error  for  January  1990. 
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Table  2.90 


Measured  and  Model-Predicted  Steam  Flow  Data  for  February  1989 


TIME  (HR) 

Figure  2.90.  24  Hour  Forecast  Krror  for  February  1989. 
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Table  3.90 


Measured  and  Model-Predicfed  Sleani  Flow  r>ata  for  March  1989 
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Filjure  3.90.  24  Hour  ForecasI  F.rror  for  Marcli  1989. 
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Measured  and  Model-Predicted  Steam  Flow  Data  for  April  1990 
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Figure  4.90.  24  Hour  Forecast  Error  for  April  1990. 
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Table  5.90 


Measured  and  Model-Predicted  Steam  Flow  Data  for  May  1990 
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Figure  8.90.  24  Hour  Forecast  Error  for  August  1990. 
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Table  9.90a 


Measured  and  Model-Prediticd  Sfoam  Flow  Data  for  September  1990 
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Table  9.90b 


Measured  and  Model-Predicted  Steam  Flow  Data  for  September  1990 
Rased  on  Coolin?*  Desree  Honrs 


9  CONCLUSIONS  AND  RECOMMENDATIONS 


Phase  1  of  this  study  showed  that  hourly  steam  flow  data  can  be  represented  as  a  Box-Jenkins 
transfer  function  model  using  lagged  temperature  data  as  input.  The  standard  tests  of  goodness  of  fit 
indicate  that  the  models  specified  are  in  excellent  agreement  with  the  historical  data.  In  addition,  when 
the  data  are  free  of  aberration,  the  I  hour  ahead  prediction  error  was  about  4  percent.  Since  the  model 
based  on  temperature  lagged  2  hours  has  about  the  same  predictive  error  as  the  model  with  no  lag, 
temperature  forecasts  are  not  needed  to  forecast  steam  demand.  These  initial  results  are  quite  encouraging 
and  indicate  that  accurate  forecasts  up  to  several  hours  ahead  can  likely  be  made  using  such  models. 


Phase  2  of  this  study  showed  that  both  the  Box-Jenkins  and  dynamic  regression  models  did  an 
adequate  job  for  24  hour  forecasts.  The  best  results  were  obtained  using  the  dynamic  regression  method 
with  actual  ambient  temperatures.  Twenty-four  hour  forecasting  results  obtained  from  Box-Jenkins 
univariate  models  appeared  slightly  less  reliable;  temperature  information,  however,  was  not  needed  for 
model  building  and  forecasting. 

It  is  recommended  that  Box-Jenkins  models  be  considered  prime  candidates  for  load  forecasting: 
their  mathematics  arc  simpler  than  those  for  dynamic  regression  models,  because  temperature  data  arc  not 
required.  Nevertheless,  weather  information  should  also  be  taken  into  account  in  case  of  a  significant 
variation  in  ambient  temperature  within  the  forecast  period. 

It  is  recommended  that  the  feasibility  of  completely  automating  the  identification  of  the  prediction 
formula  should  be  studied  for  field  implementation  of  mulliboilcr  load  allocation. 

If,  instead  of  complete  automation,  it  is  preferred  that  an  analyst  be  constantly  involved  with  forecast 
model  identification  and  use,  then  it  is  recommended  that  use  of  the  software  packages  mentioned  in 
Chapter  4  should  be  considered.  They  are  user-friendly,  and  one  has  an  expert  system  to  guide  the  analyst 
during  model  identification. 
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APPENDIX  A:  Graphs  of  Hourly  Temperature  and  Steam  Flow  for 
February  1989  to  March  1989 
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APPENDIX  B:  Tables  of  Hourly  Temperature  and  Steam  Flow 


75 


OBS  HR  HRMO  HRDA  MIN  TEMP  STM1  STM2 


< 

C/5 


A 

PO 

00 

— 

CO 

A 

CM 

O 

CM 

CO 

VO 

— 

PO 

VO 

— 

A 

p*- 

ov 

PO 

A 

A 

CM 

fvj 

A 

CO 

A 

s 

CO 

A 

— 

fs.. 

VO 

CM 

Os 

o 

CO 

fVJ 

A 

A 

CM 

-S' 

O 

CV 

o 

CO 

A 

A 

o 

OV 

o 

CO 

CO 

CO 

CO 

CO 

VO 

o 

S 

VO 

CM 

r«- 

o 

CO 

PO 

rs_ 

s 

O 

CM 

CO 

00 

r 

A 

OC 

PO 

lO 

A 

o 

P-- 

VO 

CO 

r-' 

A 

r- 

CM 

CO 

A 

PO 

CM 

O 

A 

CO 

VO 

r- 

s 

c- 

CO 

CVJ 

CM 

A 

PO 

s 

VO 

o 

O 

A 

vO 

»- 

CO 

CM 

Av 

CO 

CO 

P'O 

VO 

r-. 

PO 

PO 

CO 

Cv 

Ov 

o 

o 

»— 

PO 

rO 

^o 

VO 

o 

Ov 

o 

P— 

PO 

As 

P^ 

r- 

VC 

s 

VO 

o 

r- 

CO 

r- 

f- 

C 

o 

o 

o 

o 

C 

O 

r- 

O 

C 

o 

o 

T— 

•— 

r“ 

r“ 

o 

0\ 

CO 

CJv 

CO 

O 

O 

r- 

r— 

1— 

»—  ■ 

(\i 

CO 

CO 

CM 

CM 

CO 

CM 

CO 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

CM 

CM 

CM 

CO 

CM 

CO 

— 

— 

*“ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

o 

p*.. 

CO 

PO 

PO 

CO 

O 

CO 

o 

CO 

VO 

Cv 

A 

CM 

- 

CM 

CO 

c^ 

vO 

VO 

ro 

o 

h- 

CM 

PO 

PO 

CM 

r«- 

PO 

0\ 

S 

O 

CD 

O 

■=■ 

P 

vO 

VO 

CO 

-S’ 

As 

c^ 

O 

P^ 

-S’ 

Os 

C?v 

cv 

p«^ 

O 

CO 

c 

CM 

O 

VO 

o 

O' 

— 

CM 

PO 

A 

s 

f~ 

ov 

r- 

CM 

CO 

VC 

A 

VO 

o 

T'- 

CC 

ZT 

fO 

r«- 

r— 

c^ 

O 

00 

CO 

A 

CV 

o 

A 

VC 

Cx 

P»- 

Cv 

CO 

O' 

PO 

A 

p*- 

s 

CO 

CO 

CM 

C\ 

S  ' 

CO 

PO 

h- 

CO 

p*^ 

J* 

A 

o 

Ov 

ov 

CM 

vO 

CO 

r*«. 

CM 

Cv 

S’ 

CM 

s 

•— 

o 

CO 

r- 

CO 

A 

VO 

cc 

Ov 

ro 

CM 

o 

CO 

vO 

CO 

CO 

CO 

c- 

CO 

VO 

\o 

C' 

vO 

c- 

VO 

p^ 

r- 

r* 

r- 

r- 

VO 

SO 

VO 

VO 

VO 

r- 

p^  1 

o 

r- 

P^ 

PO 

ro 

o 

o 

o 

pO 

p^ 

r*^ 

p*- 

o 

o 

PO 

PO 

p^ 

o 

r- 

PO 

p^ 

c* 

o 

fO 

P- 

o 

o 

o 

p^ 

o 

o 

o 

VO 

VO 

VO 

PO 

c 

PO 

o 

b 

o 

VO 

VO 

o 

PO 

VO 

vO 

VO 

o 

o 

PO 

fO 

VO 

o 

VO 

fO 

o 

VO 

vO 

o 

PO 

VO 

o 

o 

VO 

o 

vO 

o 

O  ' 

a. 

A 

vO 

r- 

r- 

CO 

o 

CO 

o 

o 

o 

o 

As 

PO 

VO 

r- 

o 

o 

CO 

PO 

VO 

OD 

r* 

VO 

vO 

A 

CO 

»“ 

A 

A 

o 

r~ 

o 

o 

r 

CO 

— 

ON 

-S’ 

o 

o 

O 

o 

o 

As 

VO 

-S' 

CM 

PO 

VO 

Os 

Ov 

o 

o 

o 

PO 

*“ 

c 

s 

O 

S 

*“ 

CM 

A 

Ov 

CO 

CM 

Ov 

o 

s 

c 

O' 

K 

VO 

VO 

A 

As 

A 

A 

A 

VO 

VO 

A 

-S' 

.3“ 

-S’ 

-S’ 

PO 

PO 

PO 

PO 

PO 

CO 

Co 

CM 

CM 

PO 

s 

S 

A 

VO 

VO 

A 

vO 

A 

A 

Ai 

CM 

CM 

CVJ 

CM 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

CO 

CM 

CM 

CM 

CM 

CO 

CM 

CO 

CM 

CM 

CO 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM  1 

z 

CO 

CO 

OD 

00 

CO 

CO 

CO 

00 

00 

CO 

CO 

CO 

CO 

CO 

00 

CO 

00 

CO 

CO 

CO 

CD 

00 

CO 

CO 

CO 

CO 

00 

CO 

CO 

CO 

00 

CC 

CO 

CO 

CO 

CO 

CO 

CO  ' 

s: 

CO 

CM 

CO 

Co 

CM 

CO 

ro 

CM 

CM 

CM 

CM 

CM 

CM 

Cxj 

CO 

CM 

CM 

CO 

CM 

CM 

CM 

CM 

CM 

CO 

CM 

CO 

CO 

CM 

CO 

Co 

CM 

Co 

CM 

CM 

CM 

CM 

CM 

CM  ' 

< 

Q 

r*- 

CO 

Ov 

O 

CM 

PO 

-S 

A 

VO 

p-» 

00 

C7V 

o 

CM 

PO 

o 

CM 

PO 

S 

A 

VO 

C- 

CO 

c^ 

C 

CM 

PO 

s 

A 

VO 

h- 

CO 

C7V 

O  ' 

cc: 

X 

— 

— 

— 

— 

r- 

— 

— 

CO 

CO 

CM 

CO 

r“ 

r— 

— 

— 

CM  ' 

o 

VO 

P>- 

CO 

Cv 

o 

CM 

PO 

-S’ 

A 

<5 

CO 

o\ 

o 

CM 

PO 

As 

VO 

r- 

CO 

O- 

o 

f- 

CM 

PO 

S 

A 

VO 

CO 

Ov 

o 

CM 

PO  . 

X 

A 

A 

A 

u'^ 

VO 

VO 

VO 

VO 

vO 

VO 

vO 

VO 

vO 

VO 

h- 

c- 

r- 

00 

OO 

OO 

CD 

CO 

CO 

CO 

CO 

CO 

CO 

Os 

c^ 

Ov 

OV' 

c: 

VO 

Pw 

CO 

Ov 

O 

CM 

PO 

A 

vO 

p«^ 

oo 

cv 

o 

CO 

ro 

s* 

A 

VO 

r- 

CO 

Cv 

o 

CM 

PO 

A 

VO 

CO 

Ov 

o 

CM 

PO  , 

X 

A 

A 

A 

A 

VO 

VO 

VO 

O 

v6 

'-O 

VO 

VO 

VO 

h- 

c- 

c- 

c- 

c- 

C- 

c- 

r- 

C- 

CO 

oo 

00 

00 

<o 

CO 

CO 

00 

00 

CC 

o 

cv 

O 

Ovi 

CO 

VO 

30 

Cv 

O 

•— 

CM 

PO 

ct 

U'V 

VO 

P-. 

CO 

OV 

o 

CM 

PO 

ZS 

A 

vO 

CO 

Cv 

r“ 

C4 

PO 

s 

A  VO 

r*.», 

CO 

Ov 

o 

PO  . 

CO 

A 

A 

A 

A 

O 

VO 

VO 

VO 

vO 

vO 

O 

vO 

VO 

MO 

p^ 

c- 

r- 

P^ 

P- 

r- 

p*** 

P- 

CO 

CO 

00 

CO 

CO 

CO 

CO 

CO 

CO 

CJ 

Ov 

C' 

Os 

Ov 

CNoarsi»-f^c\j«^oDinfoc'’”a'CO*-oovo 

f^»-<NJO^-f\J(MOOCO^^OJOa'-3'OjPOVO 


Nur\vO’~'^-=rr*-co 

•  r-  CO  r*-  o  vo 


5r^fOor^f^r^^-foCOOf>ooo^^ 

>vCf^C  OOvOvOfOC 

)OCOlA»-vOvC'»-fOOl.'^OCCOL'^'^ 

>'OL^(\jONO»-C'rOOC\iOOCr-fO 


-u^'Or^coONO'—  c\;f^^L'^vo'^coo^o 

\  Cn  ON  CJN  0\  C^  O  O  O  C  c-  0  0  0  0  0*- 


•C\jro^L'>NOf*-CCOO 

500000000— 


f^cOf'^or-*f^c\jcoocjo  —  ool^^oLn^^<x500cocovof^<o^nco<^ln^^c^l^u^c^*-^'^c^-:ro  —  —  CNjc\jcotnt-CMO\r-*Lnco^^  —  CC5  0 

OCoof^'^'^O'^tTN  —  sO  —  O  —  <^c\)crcocN<^coc>»r^ONjT^r^  —  ococNcr:;'-irvONOOMO^L''^'O^^L'Nj^Ln^O;\WCv  — 
2rs^^^  —  r--r~cN<^cD  —  —  o^<^ooa^c^<^‘voo^«•^^c^Jw'^cOw'^^:r’'0^occo'0^vOl^^C'. 

OOC0*“O<^lA—  iTNOJ'^NO-^—  OOOOOr^COCJ^VOCNOOOJ  —  CCOOJ^CNCD^^POJ'^-=r^O^>*CJiAO^OO  (>^^^  --.-;;;- 


C\J 

^  C>J 

—  o 

LfN  1— 
PO  CO 
^  ro 

O 

c  o 
o  o 
o  o 


o  Lr> 

—  JS  CNJ 

(Jy 

O  L'N  ro 
m  fO 
^  lAiA 


r-CCC\JfMr-OO^rsJCOO<\J<OCVjrof\J<-)C\}POLA»--r-.OPOC\JOCOiAOr-5COr-uA^O^LA.^-^02CV2COJr^^LA^^ 

r-QO\jsOiA^OMr>0^0“r0^pOONP'^t^NO— cAcOC'iT'.  O^OCCONO—OMnh-vsJ  C\Jir\CO'3^fOOir>CO'wC\J'>00 

CNJiAlAvOO— 


f^C5NPOf\J^OOOOOr“'sO  —  O^CV.'  —  ^'0*^C\JPO  —  OlAVCOirMAOC\l"0  —  f^LA^LA^tTv  ^ 

^S[A5^--SS?;i5zrSA-po^S^cOvc^ON^cJw*-(\JOo,-^ocvc\-ocooLALAcoroo-o^toco;-^-rop;;^ 

—  Of*^<^o-^ccvc~ojLA\Op^ocNCQcoccc^cc\otr\CNjCNr'JCNOcoo  —  c\;<oocjiAOu~\^rocoorv.uA 
oyj^u>LAL'^irMr\^L'^LA^iAu'>uA\ovOiri\OiAir\irMr>in'OvO’OiAr^coooor^'Or^Ncr^r^r^vo 


(\j  m  o  L 
r«-.r«^(>^r«-r^r-f^r^cDco 


r^0^-^~•0<^''*-0pp?*^00 

r*^C'0O0P^^O<^'00O 


O  PO  r^ 

o  p*^  o 

oc:;  —  pOin»-voooo  —  lAPO'o 

OO^P^C\i-3’vOiAiA^f*^POC 


VO  lA 

kA  A 


00  CO 
CO  00 


A  jy  po  c 

uA  lA  A  C 


cococococcooeooococ 
c\j  CO  CO  ro  cv  CO  00  CO  c\j  ( 


—  COPO-S-AvO^-COCTvO  —  C0<^- 

»-(\ifOj“AvOr^COCvO  —  COP*^. 
»“(\jroJ'AvCP^COCvO  —  CJPO- 


— N 

PO 

O 

P^ 

P^ 

O 

O 

O 

r«- 

P*- 

PO 

p^ 

o 

O  ' 

,  , 

VO 

C’) 

o 

vO 

MD 

o 

vO 

O 

o 

O 

vO 

VO 

PO 

VO 

w 

O  ‘ 

CO 

A 

r— 

vO 

A 

o 

o 

A 

VO 

vO 

PO 

•w- 

o 

A  1 

CM 

s 

A 

Cv 

— 

r- 

Os 

o 

o 

CM 

— 

PO 

O 

S 

o 

CM  1 

!  J 

J 

CM 

O 

r- 

VO 

s 

PO 

s 

rO 

CM 

— 

O 

O 

OV 

o 

1 

S 

s 

S 

s 

PO 

fO 

PO 

fO 

PO 

PO 

PO 

PO 

rO 

ro 

PO 

CM 

PO 

ro  1 

1  OO 

CD 

OD 

OD 

OD 

oD 

CO 

OD 

00 

CO 

CO 

CD 

CD 

CO 

CO 

CD 

CO 

CD  ' 

1  CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CVJ 

CM 

CM 

CM 

CM 

CM 

CM 

CJ 

1 

00 

Os 

CVJ 

PO 

O 

r- 

CM 

pO 

S 

A 

VO 

r-- 

CO 

OV 

o 

'  ^ 

— 

CM 

CM 

CM 

CM 

•  CO 

c> 

CM 

PO 

uTs 

VO 

P-. 

CO 

Cv 

O 

CM 

PO 

s 

A 

CJ 

CM 

CM 

CM 

CM 

CM 

CJ 

CM 

CM 

CM 

PO 

PO 

ro 

ro 

ro 

PO 

•  CO 

ov 

o 

CM 

rO 

S 

A 

VO 

h- 

CD 

CV 

O 

r- 

CM 

PO 

A 

■  — 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

cO 

PO 

PO 

PO 

PO 

PO 

•  CO 

CD*. 

O 

CM 

PO 

A 

\o 

r*«. 

cc 

C^ 

o 

1- 

CM 

S 

A 

CM 

CM 

CM 

CM 

Csj 

CM 

CM 

CM 

CM 

CM 

rO 

PO 

PO 

p'*) 

ro 

PO 

.  |v.  rr  C-'  p**: 


r-oor^or^oO' 

OOOVOOOOO 
CO  A  O  VC  O  A  —  O  —  O  A 


•^^T-r-oOOOOOOvCCOCOCCr^' 


•fOPO^Avor^CCOO  —  CJPOO— COPO-3'AVO 
■r-»~»-r-l-»-r-^COCOCOCO 


-CJP'^otAvOr^COCvO  —  CO'^-:^'A 


A  vC  CO  Cv  O  ’ 


■CJPOJ^’AvOP^COC'O  —  CJPOCCA 

•  JT  O?  J*  ^  -3-  ^  -a"  -S’  A  A  A  A  uA  A 

■COCvO—  CJP04T  A  vCr^CCOO  —  CO  PO^  A 
JrOfO^-S’Sr.S’.S'.S-OSsr.S-.S’AAAAAA 


76 


0000 


CO 

s 

K- 

to 


r^<>^-f^COL'^^o\Or^lr^»-OO^JL'^fOO^»-fOO^COOf^•=?"VOVO^^'“0-:rcOCOO^(^J<\!C^OJ'C'.  C>CVf^C0Lr\'.OCJroCN0Jv0iACJ'O’O 

C\JCCOfOrOf0vi)vC'~00OO^^-:L‘C\»-<^C0CrOcrc0CCNr^O^vCO(^.  Ou'>C(»OO»~c:JTr^'-‘O^C3f^C0-3’CCr^'OiAh-C0v0r^ 

O0^c0C^C^OC^C^f^'^OOJ^L'^L'^L'^w'^u'^’O'OO'O\C'O^C'OO•O 
c^JC0(^JC^JC\JCM0JC^C0C\JC^:c0  00C^JC\jCVc\JC0CvJC0C0(\JCcc\J^0fot^c^JCv:C0CSJC'Jfoc^JCMC\JC0C\JC\JC\JC\JC\JCJC0<^JC^J^0C\JC^iC\JC0C0C^ 


o  O  fO  VO  C\J  ’ 


•  CO  » 


•oroLn»”*-co^r-r^i^cocN*“C-* 


-vocO'OcocNj'OfOj3'r^vococ\j'^ONC\j»~oc\jom'-^-3-voovo<or-vovor^ 


fy^<v:)fs^p»>OCOC\jrdJ?'»-OCOroOCvOirNC\JiAO»*'00^-'>*~CvJCjo5’— ON^CVjr^zriT.  Of^voc.d‘^^0<^-:?’<^CO»— vOCn^iTniACJpo 
ir\voOL'^ocoO'oocc-“»“cco:‘f\i<^vrvc3vorocvir'.  rrc^c^c^voArvC'“<x3vcou'^o^c■oc^jro\oc^^of•'5cc-=^o<x:•“C\JC^^*'^-cocoro 
♦-  O  O  OD  fO  fO  CO  O  CO  CO  *-  r-  CO  fO  r-  vO  *-  ^0  m  J  VO  o.  ^  c:  vO  vO  fO  CO  C  vC  C-  O  r-  cv  \C  C.D  o  C  o  CO  O  VO  fo  o  vO  O  O  CO  C-.  Ov 

C^O^O^C^Q^OCa^C^C^C^C)C■•OOC^O^C^C^O^C^O*”00•”Ol^^C^Cv'C^»“C^JCJro^o;3■fOCJ^^l»~COCOO'“0^~^'“*-•—  OO-wO 
^  ^  ^  r-  r-  c-i  »-  r-f-r-«—  r-T-r-»—  r-T-f-.-r-»—  r~i— 


vO<^vOCO‘“OOfOroOc:cCcO<OJ"'vOO»— 00*-CfOC0VCC0T-T-c0vCf-'>CDfOLrvPOvCZO’O'O*”CC'C0Lr\’~'O»— »-C0Lrvr*-)C0v0‘^‘^O 
O  VO  O  O  lA  ^  O  -:T  “  vr»  CO  O  O  C*.  -"v  CO  O  00  C-  VO  u'>  -  V  *-  w  -:r  Lr\  lTv  r---  Ov  *-■  CTv  Cn  C^  h-  CO  iTv  \C’  ro  ro  O 

LA»-»-oO-3“»-CO:3'fOvOOcrJ*^CV:OvO''Of^OCvC-eoVOC\JCOr-o:r-fOeovOvOvAfOzrLAror^^Cvj'OCOvOCOco\C-3--A 


a. 

NO  CO 

•-  o . 

2; 

»-  c 

u 

K 

c^co 

0'*- 

^  T— 

»-  CM 

Z 

— 

CO  CO 

CO  CO 

2 

CVi  CM 

eg  CM 

< 

Q 

r-  CvJ 

po  O 

o: 

CM  CM 

CM 

X 

o 

2 

VO 

00  »“ 

q: 

O  vC 

VO 

X 

•—  f— 

VO  c~ 

CO  O' 

Cd 

VO  O 

VO  vO 

X 

f-  f- 

1-  r- 

00 

CO 

VO  c- 

CO  O' 

< 

CO 

VO  VO 

vO  VO 

t/) 

o 

»—  *- 

*—  •“ 

c^*^'^^ifo;^“lr^f’■^ocOl^\cvJ'~»— ooovovcococor^c-vDc-vDvocO' 

I»“CMC\JCOCdOOCNiCM»-»-«-*«-«-r-»-  • 


•  ^r^cc'^r^r--r-vOv 


)vovor^coovOT-f\j»- 

■’-»-»“»-»“CVJCvJCOC\J 


VO^OO»“OJro^(AvOr^COOvO»“fVif0^irvvOr~COCvO*~CJf^-=J‘iCV'O^^COC>0'“OJfO^LAOf^CCCvO*-COfOJ*LAvCf^COCvO»“Cvl 

vovcvo  r-r-<—f~r-  —  —  »-CvCs:CsiC0rvj00CVIC00viCvfOfOrororOfOfOrororo^^::r.3‘-3‘^-3’^^J“L''ir\vA 


.  r-  CO  CO  CO  00  CO  CO  C~  CO  :•*  CO  Cv  O-  C-  Cv  On  O'  Ov  cv  C\  C\  o  c  c  o  o  o  o  o  o  o  —  ^  Co 

•r-f-—  —  - »~r-f-OvlC\JC\JC\irvJC\iCuCVJCOC\JCs*CM<VCvJCjCJC\jC\JC\jC\,'Cg 

■u'^nOC-OOCnO*—  CV?OJ?‘iAvOC-*0‘'CNC*“COf^^iAvC>C--COC'C'“f\.'co^"uAvOf^cOC‘-0»~CNjco-:^‘LAvor^COC' 

.  CO  CO  c:-  CO  CO  CO  C;0  CC-  CO  c.'  On  On  C «  O'  cv  C'  On  Cv  CN  0\  O  O  O  O  O  O  C’  C  O  O  - 

•f-.-»-r“i-.-.-r--r-r-f-t-r-»~r-*-f-»-f-t“*-r-r-r-f-0ufv^CVrVj:-gC'JC-gO:CNjC0rv'C\JC\iC\J0JC\JC\JC\JC\lCW  . 


00:^‘<rlrocOOCJC^COOOfOCCvO^OCO^AO^^‘^CJO^U^CO>i^vO^C^'OOcC’“Ov^^^•^-(MCOPOrOO•«CMr^vO^*^-:3■»“’^Oa^fO^-L^^^o 

CVI  LA^L^COvOr^OJOv»“r^;A<^fOCO<\iCO’“COu"*'iArOCOvO^-C*<\l<^^*-'COfv{<^a'r^vOO  —  r^'-ONOvCN’-h-irNiA^OOCvr^’-OCOiA 
2^  rocOC'«-Ovr^<\j’“L'^«LAJ^Cv;'OvOA*‘^CO*-OCvj»~<^OOC-<^-C*CvC\J*-(>c\jN‘CNO(\iO^CJfOCO'~iA^^CvJ’“Cjv0^vOrovC^’“Or'J 
I-  Cvj  ^  <\J  CO  C-  >-  vO  ^  CC  Co  *-  4r  C'  c-  O  »-  'C  “  uA  CM  CO  CO  eg  •—  C'  c-  -rr  lA  o  VC  C'  CC  O  O'  >•  Csj  O  »-  VO  C-  ^  CO  C  fv.'  O  vO  NO  c\.  C^  CO 

to  COC*“^uAv0v0I''•'-'0'^^''^!^c0C'C0^^J’f'-<^J^lC^\0'^O'OO^0•O•''V0v0O'0^'•O^^CCc0^^U^:3*'O’J^c■f0C\Jf0POJ3':0J^■<r) 

cgc\j^cgcgcgcvjcgcjc\jogcv;CNjC\icgc\iC'j(vcgCvC\iCJCgcvjCgcgCgCgc\iC\icvjCgC\jcjCN^cgCocgcgCvjCvc\jcgcNjcgc\JCjc\icgcJCv)cgc\Jcgcg 


O' » 


00ro^'0*“-:yoo0f^’“^’ 


•OC^CJOcrC^CO*^fOCO^OOOC'CgcO^•)CN’-C^Ov^vcOvOC\i'^VO^-^ocO^~OOfOPOCOC^J▼“CVi^o 


rovOO(\J^vO'^C'Cv.'vOCO<^'^CVJ\O^CNOCN»“C7vCvCC»— (^JC^J^J^'0^^’— CviiAO'C'fV'’—  CO’-'CvAiAOv’— ONr^OOVOfO^-vOOCJ 
O'  C^  C^  CO  C  O'.  CO  Cv  ■'*'  O  O  CO  VO  ro  'O  ^  vA  vO  Cv.  LA  o  ^  lA  O  •*“  On  On  VC  lA  ^  CO  lA  LA  r-«.  VO  CO  GO  U^  eg  fO  O'  fO 

vO  O'  C  O'  vA  CO  vO  C'  ^  D  O'  PO  ^  ^  r--  VO  On  -O  On  CO  •—  cr  PO  r-  \C  O  CO  00  CO  VO  V'J  u'^  L"N  PT'  (ON  ^  vO  CO  uA  C\J  wN  O  CO  ro 

r-r~“'OcococvONCooA*C'’—  O’— ’-’-Csjcvjc'Ocoocococo'ocoocNO'0'CNOcoo\coC'CC'“^ocopor^NOr^vocor^cDoocoooco 


r..P0r0rnOP’^P^<^P0P^r*^r'^r0OP^P0OOP’^r^OO^OC~r«~c0r0OC^C^P0OOO'^C^r^for'*r0r0OOP0P0f0P0rnr»*C'>'f0Or^ 
V0pof0<^cp^0po<^0'0'0<^0pr?po00p’^vcc0v0  0''0v0p^p^cv0vcp''>0cc0'0'^p0'0p*‘)r'‘:0c'0p0pororo'00v0p00v0 


a. 

t— 

PO  CO  LA 

C: 

po  CO  vO 

— 

p'^  O  O  CO 

lAuApo 

r- 

vAlA 

JA  O  vO  PA  PA 

OvO 

1— 

CO 

■3 

c 

C  VC 

•— 

I— 

PA 

r— 

PA 

PA 

■A 

3 

c:  PA 

PA 

PA 

PA  ^  A 

»-  PA  c  ^ 

2 

LJ 

h- 

covcoof^r^L^-zj-oo 

o 

vC  CA  CA  00 

c 

L'N  LA 

Cv  CM  P^ 

cgCMgar-vovOPAro 

uA  •- 

CN  lA  uA  C  C 

On  On  PA 

PA  PA 

o 

OCOOOCOpAACMOnCOOA 

lAtrv 

lA 

— 

lA 

«- 

c 

o 

CO 

VO 

vA 

m 

lA 

g?  lA 

JAlAe- 

COCA’- 

CM  CM 

CM  PA  PA 

eg 

eg  CM 

eg 

eg 

CM 

CM 

CM 

3 

c 

3 

r- 

CM 

PA 

h- 

ON 

CM 

A  ^  A 

f-  i-> 

^  o 

CM  eg 

CM 

CM 

CM 

*” 

r-  f— 

r—  t—  r- 

»—  r— 

r- 

*“ 

*“ 

1— 

*-  CM 

CM 

A 

AAA 

A  A 

A  A 

Z 

CO  CO 

CO 

CO 

00 

CO 

CO 

cr 

CO 

CO 

CO 

00 

CO 

CC 

CO’  CO 

CO  00  CO 

CC  CO  CO 

CO  CO 

CO  00  CO 

00 

CO  oo 

a- 

CC 

CC 

CO 

CO 

cO 

00 

CO 

05 

CO 

CO 

CO 

CC 

CO 

CO  CO 

CO 

CO 

CC  CO  CC 

CO  CO 

CO  CO 

2 

CM  CM 

OJ 

CM 

CM 

CM 

CM 

eg 

CM 

eg 

eg 

eg 

CM 

CM 

CM  CM 

CM  CM  Cg 

CM 

Cg  eg 

eg  eg 

CM  CM  eg 

CM 

eg  CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM' 

CM 

eg 

CJ 

CM 

eg 

A 

Cg 

Cvj  A 

A' 

A 

A  eg  eg 

A  A 

eg  A 

< 

a 

^  uA 

vO 

CO 

Cn 

CM 

PA 

eg 

PA 

4 

5 

6 

7 

8 

o  o  -- 

cv  PA 

lavo 

p.... 

00  CN 

•3 

y— 

eg 

PA 

C 

y- 

CM 

PA 

lA 

VO 

r-* 

CO 

Ov 

■o  — 

A 

PA 

gc  lavc 

N*  <C 

Cn  O 

cc 

X 

eg 

CM 

eg 

eg 

r-  1 

” 

T—  r  1— 

tM 

CM 

evj 

ej 

r-  r—  ^ 

A 

o 

2 

CM 

PO 

uA 

VC 

CO 

Cv 

eg 

PO 

_». 

uAvn 

r-  CO  CA 

o 

»-  CM 

PA  J? 

lAvc- 

CO 

CnC 

, _ 

CM 

lA 

\<^ 

CO 

On 

C 

CM 

PA 

gy 

AVO 

CO 

CnC*- 

A  PA 

^  A 

X 

X 

— 

»— 

*— 

— 

•— 

r- 

CM 

CM 

CM 

CM 

eg 

CM  cv 

A  Cvi  Cv; 

P'7 

rA  PA 

P'7  PA 

ro  PA  p^ 

PA 

PO  ^ 

gr 

ge 

je 

cr 

g^" 

lA 

la 

uA 

A 

A 

A  lA 

lA 

A 

A  VO  vO 

•o  O 

vO  VO 

X 

*“ 

•“ 

*“ 

— 

♦” 

•” 

f- 

*— 

*“  *” 

*“* 

*“ 

»-> 

•— 

T- 

*“ 

r- 

*“ 

r-  —  y- 

y-  y- 

»-  t— 

CM 

PO 

lA 

VC 

»s«. 

CC 

CA 

CM 

PA 

-A  o 

^  CO  CV 

r-  CM 

PA 

uAvor^ 

CO 

(O'  D 

eg 

r-} 

00 

VO 

CC 

Cn 

o 

r- 

A' 

PA 

gt 

AvO 

r««. 

CO 

O  O  — 

A  PA 

g?  A 

u 

n 

3 

X 

r- 

•— 

r- 

•— 

»- 

*— 

•— 

•— 

K) 

eg 

eg 

CM 

eg 

Cw  e-.' 

eg  A»  ej 

PA 

PO  PA 

PA  PA 

PA  PA  m 

PA 

PA  go 

g? 

gr 

gr 

gy 

gc 

J- 

go 

lA 

lA 

lA 

A 

uA 

.O.  A 

A 

LA 

AVO  O 

VO  VO 

vD  O 

o:: 

•— 

*- 

•“ 

r-  r- 

r-  »—  r- 

r-  r- 

f-  ^ 

^  ^ 

t—  y- 

*“ 

*“ 

*” 

r- 

r- 

r-  r-  »— 

r-  »- 

1 - 

u 

£l 

CO 

to 

Cx.' 

LA 

VC 

CO 

CA 

e ' 

PA 

L^  VC 

r*-  CO  CA 

—  eg 

PA  ^ 

.J\  \Q 

CO 

CN  c 

(V 

PA 

- 

lA 

VO 

0^ 

O'. 

3 

r- 

eg 

PO 

gt 

lAvO 

N- 

CO 

On  O  — 

A  PA 

ZT  A 

< 

CO 

r— 

*— 

•— 

»— 

•— 

•— 

ej 

eg 

e>; 

eg  A. 

CM  A.  Ai 

PA  n  PA 

PA  PA 

rA  PA  p  '.- 

P'7 

PA  JT 

gc 

go 

gC 

JT 

gj 

lA 

L.A 

uA 

A 

A 

L>  A 

wA 

A 

L  '  VO  vO 

o  \£ 

VO  O 

lit 

CO 

o 

r- 

f— 

*— 

f- 

f— 

♦— 

*— 

r~ 

1— 

1—  f—  — 

«—  r- 

»—  ♦— 

r-  r-^ 

*— 

r-  r- 

*— 

— 

*— 

’— 

*— 

•— 

»— 

*—  *— 

»— 

T-  t—  *— 

y—  y~ 

r-  — 

77 


OBS  HR  HRMO  HRDA  MIN  TEMP  STM1  STM2  OBS  HR  HRMO  HRDA  MIN  TEMP  STM1  STM2 


roC^JC^JOl^^OOOoD^*-o^L^\lr^C'0•-^OCOfOOOOOC^C^•~CVOOO^'CO^•O^G^C^'‘C^'^L.'^C^O^’~’-“C^f''^C^^C^CO»-O^O^^^OJ• 


J?cvJC^-^■oooc^<^^^^^lAO'-J‘-'^oroo^o^^*“C\J^o^fOfoolA<>^vJO^^Of^-=r<r>•-'vo'^c■oc:^'.r)oocc^L^\u'^u'^Ol^\^u‘^^^J^ 
Ofoc^;ooo'OC^v:^^-'^-'^'Ofnc>c•'^fOc^o^<^t^^c^coo^-^Ou'^lr'.  co*“<^o*— cooc^c:'C^CI  — 

c^o^oo^^coc^c^c^c^c^C7'C^(7^c^c^o^ooooc^o\c:>G'.^^cuor^r^coco<oocccoco^‘•^cDcc'C'.  c^o^c^c^coco^-‘^>\OLr^u^^O'0^- 
cur^^CJC>oo<o<^CMC^tAO^oo^-■d■f00^cr^cc^ccoJu'^^>**-‘O^Ma>-3■ocJ^co»-•r••^oc-:?■roL**.  »-r^vOOC\.'ro'“C\jocoir\\or^f^ 


^r)a^C'OC^fo^O<^<oc^-Of^O-=rovor^c^lAvca^co<rir-L'^c^>•cOfocDJ^oco^\JJ^'•-r•')c^u■'r^JC\jC^(v<^’■-^~^~f^'-•~’-C^ 

*-  O  CO  O  J  Cn  •-*  O  *—  ^  CO  *—  L''.  O  lA  vO  •”  fo  u‘^  C  L'^  O  vO  c;  »—  cJJ  OJ  -T"  O  fo  O',  ir'  fO  ro  L"'.  C  »—  cc  ro  c-  fo  jzr  O  fo  Cs.'  for'-j?- 

r**-  L'^  *-  O  r-'  C^  :3-  CN  <0  O  CO  ON  r--  U'A  C^  O  c\]  cr  CO  CO  r-  »—  VC  O  fO  C’'.  O  CJ  C"  C>.  -:::  r**-  L'^  C'  cc  i.r\  O'-  CN  C^  VC  '■^ 

r^r~'r^r^r-“r^r^r-h-h‘r-r^r^r--r^r^oooor^r--cooococoNO  oO'Ovoovcor-f^'ONor^r^^-cor'-r-oxNLno'O'OMO'OOO 


VO  nO  vO  O  C?  ro  i/N  O  CO  nC  •“  c'N  VO  nC  CO  »“  VO  CO  •-  *-  lA  r-  CO  NO  C'  o  O  U'^.  ^  L'^  O'  *-  O  O  vO  cc  O  iTN  O  »— 

o  cc  ^o  c  Cn  OJ  fvJ  »-  ro  NO  fVi  O  Cn  \0  C-  -CO  C\  O'.  C  'O  u^  C  VO  c:  C\.  -  O  CsJ  .'O  r '  c  O'  O  r<-'  ^  vO  O  O  CV'  On 

O^^^u'^‘*OrOCMV0’-C^-C^C^JC0C^f^C?EAfOVO»“(>C^-3■f-^’“lA(>c'^C^*~^^O^lO-C^•“C0  0.:L'^f^0^c:Jr^C0c:;CDC:'C3■C^(^i^-C0'OCf0>C^ 


ro  ^  u'^  C?  C\J  CNJ  *“  »“  Cvi  Cu  OO  ^  fO  fO  »-*  ♦”  ro  fO  ^  U^  vO  <r>  ON  O  »—  r.J  C\»  »“  •—  C  CO  O  vO  U'.  lO-  l-a  .O,  -S'  .cr  c?-  L'^  L'^  OO  oo  Cn  O  CO  o 


CnC^OnOnOnCnOnC'OnOnOnOnOnO'CnOnOnCnCnOnOvOnCvCnCnCnOnC'.  C^CnOvOnCnCvOnCvCnOOnOCnOvOO^OOvO'OnCvCvO'CnCvCnCn 
Cvj  Cj  CJ  CJ  (\i  CJ  CNJ  Cs.  C\i  Ovi  Cvi  CVi  (\t  C>J  Cxi  CNJ  CV  Csi  CO  Cs»  C4  iCv  C\.‘  C\i  CC  c\j  0^  CJ  CV  CV  C»  CNj  CJ  OJ  c\)  C^j  CJ  Cvj  CO  CvJ  C^  Co  CO  CV  CO  CO  Cvj  CO  CO  v'O  OJ  Co  00  CO 


»-CJfoJ3'L^vof^cocNO^coroo*-co^-3'ir*vor^ccovO'“fNj^oj3-ir\or^oooNO*-'Cj'^c:-*~coro^irNvor^coo>o»“CJ‘^j-u'>vo^ 
r-r-T-f—  r-^*-r-r-(\jCOCOCO  «—  *—  r-t—  t—  •—  »—  f-r-  r-  OoCOCOCO  »~i—  r-r-r-r-r-  »— 


poc^■lr^vo^-<oovo^CMfOJ^li^•or*-oocNC*“C^o^''>.:rt^‘^‘Or''COC'o 

COCOCOCViCOCoCOCOCOCOt^fOrorOfOr^rOrOC^jf^or 


-O  ^  L'^  vO  f'-'  CD  On  O  Co 
^  iS'.  .r\  0^  L’>  lO  VO  NO  vo 


vOr*«-CCONC’“fMroc?‘Lr\\Or^COONC'»— CJ<^^L'^vO^«CDC^O•“CO'^oru'^v^^-COC^C'“Co<^o^L^'<D^>>-CDC^C  C.;f^^L'*Nv0^<O 

r-.  K-  CO  CO  c-  CO  CO  CO  CO  CD  CD  CO  On  CN  O'  On  o  cv  cn  O'.  C''  Cn  o  C-'  c  c- c  c.  o  c.  c  Cw  ro  rj  ro  Cv  rv  c\,  co  cj 

CO  Cvj  CO  CO  Cs!  CVj  v\  CO  CO  Csj  Co  CO  CJ  CO  CO  CO  Co  Cx  CO  Cvj  Co  OJ  Co  C>.  O  fO  fO  c-'i  fO  ro  f  -y  r*-;  r-")  fO  ro  rD  rO  ro  ro  r  T  m  ro  ro  fO  f»  fO  fO  rD  ro  fO  ro  ro 

VC  CD  CC  O  •-  C,'  r<)  'J^  Ni5  r--*  O  C^  C'  •“  CO  f'C  or  0^  O  CD  O'  O  c;  1^  d”  L'^  NO  CD  O  C  »“  Cj  fO  0^-  O',  VC  CD  C'  ~  •--  CO  o?*  u'^  VO  CD 

fs^  r--  h-  C-  CO  CD  CD  CD  cc  CO  CD  CO  CD  CO  C'  rv  r.  On  C'-  c*.  CN  Cn  O'-  O  O-  C  C-  C  C  C  O  ■■"•  C  —  r-  —  ^  t-  —  ^  f  j  i'j  CO  CO  CN.-  CO  C-. 

Co  Co  CJ  CO  Co  CO  CO  CO  Co  Co  CO  Co  Co  CVi  Cx  Cx  Cx  Co  Cv  Co  CO  CO  C-  Cj  fO  fD  f:  f-)  (V'  ro  (r>  f  >  ?o  ro  fO  <^.  ro  ro  ro  r•‘^  ?•-'  o  fO  ro  ro  fC  ro  r-D 


ON  C 
Cv 


f'"', 


CO  r 

r 


*-OC^»“0C00»“C^v0vC00t^\^-OC^v0c000^/^«DON0^*“^0L'^ 


CD  .2“  u'^  CJ  —  C*  CO  O'.  tCN  ^  rc  CN  .r?*  O  VO  C  Cvj 


C0.:fO*“.:rOC^C0C^J^^v0C^CJ00’-u‘^pcvocD■J^c0CNC0vocD‘*^O'“ 
iAO-TOCN*“iAu'^CLrNCx0C'~L‘^r*HC0CD'OLC.  iCNvO»^«'^fOCD*~^vO’~ 
.iC  C  ON  C.  O  CN  r-^  O'-  JJ  iCV  CD  C'-  ON  vO  Ox'  CO  Co  f'O  CD  •-  Cs,  JT  \0  O'-  I'O 

O  CD  ON  VO  ro  <\  (\i  CO  Cj  C'J  CO  CO  Co  —  CJ  CO  Co  Cv.'  Co  Cv  CO 

CO  CO  CO  Co  Co  CO  CJ  CJ  oo  Co  CO  CO  CO  Cvj  cv.  CO  CO  CVj  00  CVJ  CM  CO  Cv»  CO  Cvi  CO  CO 


CNC  —  <^C^o^’CC';D-'S•OuCuCVCCDcD:DCDCJC'Cvl^-.o^vOvOCor• 

vO  iTv  wN  O'-  vD  wC  JT  —  —  Cv'  Cv:  or*  f-*;  l-'N?D-'N'^C'ON'“C0N-O'O'^CvIC- 

C'  CD  —  lC  Cn  nO-  ^  'O  ON  Cv  vC  CD  *“  Cv  ON  vCv  O  Dn  CD  C  Cn  O  Cv  VD 

"  C  O  CD  CD  CD  CD  CD-  C  C  C  —  ^  CO  CO  Cj  Cv  CO  Co  Co  CO  r**>  fv  O  CC 

CJC\iCj»-  —  —  ^  T~  ^COCV.CvCvCxroCvCOCoCoCOCOCOCoCOCoC\j»- 


jjvO»-ODCN’~fOC>*voC'-COCNCfvOCO»“ONPrCN’-OvOcO-orOOeoC\<‘<^\0.3-aDC-CN.:r'OCor‘C'.S'’“L.-NCNONroC>CDf0.cCaNOONCOCOi-'NOv 


iTvoN’-oDoNCD  —  fM  —  cjcj'^'OcjvOL'No<^r^avc-aDc-c?“CL'Nvo.:rcrvcjrvoD*-f-~oDoroco~Cv.crcN^irv^c 
r--0*-OD’-vo^^--C'f^ro^^O*-CNCN'^CD»'^*-aN.r'OXC'Z>JN-rcC^f-vOoDrrN  — ’-'Cv-'^'-Cr-SD'O' 
-cCOvoroowDCNOc--''. 0''^'^vo<^»“CjO’— ^'•*^c-cr  o»-crcDrocON».r-vD:<'oco"'~:>CNCDC;crj''.  “CD>-c: 
O  z:  C’'«'OOOCN0N>''-'^r''C'’~'OCN0NCN0NCDCDC-C0CDCDcDCDc0C-c-aD^'-C~r''VCr'-C-C-0DC0C0CDCDCDCC 


Co  .-r  CV.I  Cn  O  iTv  O  03*  VO  VO 
or-ONvO'OvO»“Of''~C!D*— 
C'CnC*otvOvocO''ON^»— 
CN  cc  CD  C'  Cv  C  OD  r-  CD 


N0vCOCr'f^'O'‘O  _  wU'N’^OvOcDCD  .TN  lO.  O  CD  CD  f‘N  'O  ^  u".  iTn  li".  <“0  ^  CD  iTN  no  ON  vO  ro  CD  CD  wO.  O  ''O  l''  l.N  O  f'D  CO  f’D  vO  O'  ^  f'D 

NO  v,.'  O  -O  V/  CD  ON  'JN  Cv  ON  vO  J  N  L'*'.  C'~  ^  UN  lO.  O  CD  nO  ^  ^  CN  CC  Cn  O  ^  ^  VD  -“**  C*"-  ^  C~  -O  u’t  •*'D  Co  '>D  C''  Cv  C'O  O'  ^  uN  C-D  ^  lCN  OC  *0 

jj*  ro  ro  ♦—  o  cc  -3“  o  ON  Co  cc  CN  »-  O  CO  CO  VO  Cn  -D*  nC  UN  o  C'  CN  u'N  ITV  Cv  CD  c-  uA  On  "  CD  G-  CD  ^  '■•D  CD  .n-  CO  Cn  VO  VO  CJ  C*  CO  O  CO  VO  CD  CD  j 


O  ON  CO 

Cv  o 

NO 

CD 

CD 

CO  cr*  CN 

O 

<31 

CD 

rx- 

VO 

VO 

rx* 

OD  0  »“ 

r-  3 

00^ 

CD 

CD  Cy 

nC 

r — 

rv,. 

0 

vfN  uN 

ro 

CO 

0  Cn 

CD 

VO 

'.N 

0  Co 

CM  — 

*-  CO  CO 

CO 

CJ 

CM 

Co  CM  CM 

ro 

ro 

CO 

CO 

00 

CM 

CM 

CM  f'N  ro 

ro  “o 

CM  CO  CM  CO 

ro  ro 

ro 

fO 

ro 

r.-) 

rr-- 

ro 

ro 

ro 

ro  Co 

CM 

CM 

CM 

Co 

CJ  CO  OJ 

00 

CO 

CM  CO 

CM 

ro  ro 

Cn  ON  Cn 

Cn  On  O'" 

Cv 

cc- 

'T' 

Cn  CN  C' 

OO 

CJ*. 

CN 

C*- 

0. 

CN 

CD.  CNON 

OCN 

CN  CN  CDN  Cv  'O' 

CN  O' 

Cv  CN 

CN 

0\ 

Cv 

O' 

CN 

CN  CN 

Cv 

rv 

CN 

CN 

0  O' 

O' 

On 

Co  Cv  CO 

CO  CO  CO 

CM 

CM 

CO 

CO  CM'  CM 

CM 

CM 

CM 

CM 

CJ 

CO 

IM 

CM  CM  CO 

C'O  Co 

CM  CM  CM 

CO  CO 

CM  CM 

CM 

CO 

CO 

CJ 

CO 

CO 

Cv  Cv 

Co 

C- 

CM 

CM 

CM'  CM  CM 

CO 

CM 

Cx 

CM 

CM 

CM  CM 

4 

5 

6 

7 

8 

9 

o 

r- 

CO 

oD  :?•  UN 

VO 

r*- 

00 

ON 

0 

(\’ 

rO  0  — 

CM  ro 

UJ-  UNvO 

CD 

C'O 

CJ 

ri 

NC 

f— 

CD 

rx.  ^ 

OJ 

ro 

0 

»-  CM  ro 

UN 

VO 

fx. 

CO 

CN  0 

r-“ 

CO 

CM 

CM 

CM 

*“ 

*" 

Cg 

CO 

Co 

CM 

fO  ON 

C“  CO 

Cv 

Q 

CO  ro  or 

UN 

vO 

r- 

oc 

Cv 

0 

CM  ro  .IT 

UN  ‘O 

N-  CC  O' 

Nj  ro 

uN 

\o 

CD 

_ 

, 

Cx  r.^ 

UN 

vO 

c- 

LfN  UN  UN 

UN  UN  UN 

UN 

o 

o 

NO  sC  NO 

NO 

VC 

NO 

VO 

VO 

N- 

r-- 

r'.-  r—  N- 

r>-  c- 

c-  c-  r.- 

CO  CD 

CD  CO 

CO 

CD 

CD 

CD 

w 

CD 

0 

Cn 

O'- 

CN 

CN 

(Cn 

QN  Cn  C  - 

3, 

0 

-c 

0  0 

r- 

r- 

»—  CJ  ^ 

^  UN  '0 

CD 

Cv 

O  CM 

ro- 

UN 

VO 

r- 

CD 

CN 

^  f—  r.’ 

rc-u?- 

UN\C  N- 

CD  Cv 

0  *“ 

CV 

r'^ 

UN 

,  -V 

..V. 

CO 

O- 

CM 

UN, 

OD  *"-  CD 

CN 

CM  CO  CM 

CM  CvJ  CM 

CM 

Cv. 

CM 

ro  ro  ro 

r^ 

ro 

ro 

ro 

f  N 

^  ur  w 

uC  ^ 

ur  u“ 

-T 

UN  UN 

kCv 

■N 

'.  N 

UN 

.,N 

iO 

rv 

'JN 

vD  VO 

0 

VO 

r-v. 

rv..  p-.. 

CM  v^'v  CM 

00  CM  Cv 

CO 

CO 

CO 

Cv’  CO  Cvj 

CM 

Co 

CO 

CM 

CV 

CM 

C'O 

CM  C..  CM 

CM  CM 

CO  CO  CM 

CO  CJ 

CO  CM 

v'U 

CM 

Co 

ro 

Cv 

CJ 

v^V 

CM 

Cj  Co 

Co 

CO  CM  CM 

CM 

CO 

CM 

CM 

CM 

CO  CM 

*“  CJ 

03"  UNO 

rx. 

CD 

CN 

O  •-  CO 

rO 

- 

U^. 

VO 

OC 

Cn 

0  —  CM 

ro  ur 

UNO  C- 

CD  O'- 

N- 

ro 

VT 

CN 

O'. 

r- 

Cv 

- 

-N 

VJD  0-  'X) 

0- 

Co  CO  CO 

Cv  CM  Cv 

D.' 

C. 

CM 

rr"'  fo  ro* 

ro 

ro 

ro 

r  ■• 

r-D 

r^ 

r-N 

“ 

.**■ 

■  '^  :rv 

0 

,0 

■> 

uN 

'vD  C 

r'-v 

fv.. 

CO  CJ  Co 

CM  CM  v^  J 

Co 

ro 

CO 

Co  CM  v''J 

CO 

CM 

CM 

CM 

CM 

CM' 

CO 

CM  CM  CM 

Co  CM 

Cg  CM  CJ 

Cv.  CO 

CO  Cg 

CO 

CO 

Cx 

CJ 

Cv 

ro 

CM 

Cx  CJ 

Co 

Cv 

CM 

Cv 

CO  CO  CM 

CO 

CM 

CO 

CJ 

CM' 

CM  C 

78 


6590 


I'tbruarv  19h9 


S  cC'  r-  *—  .\'  r-t  '••)  r.j  cr  c  c,  ■'-»  o  'O  f v. ^  fo  o  c\j  r>!  Os;  c\ -:i'  -t  ^ \C  ^  c\ cj  oj  cs  c:>  .n  p''  oj  ^  ^  co  co  co  ino  \0  *a  o 

►—  vo  'C  c  c  ~r  CT'  ^  “  c  -f  u*^  ‘O  vO  :::  O  CM  >-  o  v::  ^  'O  CD  cir  o  VC  •“  O'.  uP*  »—  •—  cc  c3  o  iT'  'O  ~  CO 

</)  c'^cccMc^Cv’-c-.  ■c'0‘0oc':>'r'cooccoo'r  —  «-»-^“-^•JT^J'^cr^c^J^-‘^^~cM^-oooooc^o^c^c^c^c^c^c^o^c^ 

CM  Cvj  C^j  c  ^  .^J  r^j  C  ,  ^  ^  CM  CM  CM  fvi  Osi  On!  CM  Co  CM  CM  CO  ♦“  •-  CM  CM  CM  CM  CM  CM  CM  CM  CM  Co  ^  «-  r-  r-  »-  i-  r- 


•—  frr')v^^-u'^L^^c^■'OCML'^L^''-CMc>‘^^iC^'OMDLr^^^^r^t^^oocou'^J^cof^c^CM'^r^*”^*cocou'^coo^^o^^-fO'^0’“^*“C^»-L'^a^occo 

^  . . . . . 

►—  »-J^'~^M'^’“C^-'^C^Cr^CCC^Ct^^COC^c:::0'^*“^^'OCOvOO<^CCl^^U^CM(O^^^OO^O^C>C^•~■:^CMCM^-cCN-•— roCCMCO’OOL'^ 

CO  iTN  CM  O  C  '  C^  C\,  ?:  O  Cv  C'  -M  CN  C'O  c?  O  fO  VJ  or  o  CJ  fO  or  ^  ro  ro  ro  ro  ro  ro  ir\  V3  O  VO  O  »-  *“  VO  O  CD  lTN  »—  (> 

C  C^  CM  r:;  c.  or  O  vO  ^  u^-  C'-  M3  ^  CM  O  O  O  C  Cm  CO  O  fO  o  »-  r-  O  CM  fO  w'^  CM  O  lA  T-  CO  -T’  fO  MD  lTv  L'^ 


z 


< 

Q 


X  L,''^  M'  C'  “  Oj  O  C-  O  ‘O  »“  ♦“  ♦—  vO  CD  'O  CO  O  O  CD  O  C  CO  O  O  C":)  f'i  ro  'O  U'^  ^  r-  o  VO  lTv  O  O  •— 

c-  or  Cs.  .M’  f''  c  r ,  or  vT  ro  rr-  X-  0  C'j  VC-  c:  ^  or  CD  or  or  o  X  —  c  o  ♦-  o  o  o  X  ltn  ro  L>  lTs  c  <r>  CD  o  CM  or  or  c- CM  o  o  or 

CM  vC  c  or  X  c  vC  oCV  C'  C-.  CM  CD  C-.  c>.  'O  O'.  O  or  O  or  O'-  or  u''.  CM  <*0  vD  r--  ^  ro  O  CD  «—  or  CO  CM  O  ro  MD  so  O  Cv  CV  CO 

O  v.D  -r  or  or  or  oD  CO  O'.  C'  O  C  O  C>  C>  CO  X  vC  VC  u'^  or  0?  CO  fO  CO  ir\  r«-  Cv  CM  fo  cr  or  ro  C-J  •—  CM  CM  o  OV  (>  O  C'  C  Cv  CDs  o 

CM  Cm  Cs,  Csi  ;M  C ,  Cx,  Cm  CM  CM  C\i  CM  *0  v.\i  CM  Co  Co  CVJ  CM  CM  Cs.  cv.  CM  CO  CM  CO  CM  CO  CM  OO  CM  CM  fO  fO  fO  PO  C-)  PO  ro  ro  ro  CO  fO  CO  ro  CM  CM  CJ  fO  CM  Cn<  rO 

po  CT  ro  pO  ro  r'-y  fO  *0  r*")  ro  r")  rO  CO  rO  fO  fO  fO  cO  ^o  fO  rO  fO  ro  CO  OD  :0  CO  CO  CO  ro  ro  pO  fO  CO  fO  CO  CO  CO  PO  ro  fO  CO  fO  CO  fO 

CM  PO  or  J'  vC  X  c 


•  rj  -r’  -o  VO  ^  X  c^  CM  CO  o  c-  CO  po  0?  MD  CD  ON  ■: 

•  r-  .-  r-  r-  ^  t-  r-  f-  Cu  Cv  CO  CM  * 


‘CMPOorl^^o^^cOvD^O'“CMcoC’-CMfooru'^vo* 
—  f-CMCMCMCM 


o 


0«~CMcorrLOvO"^0■'C^O•~C'Oc:Jr'0^vor^CDCvO*”'Mcoorlr^vO•^cOC^O•-•CMf^orL'^vo^-COC^^C'~CMcoorL'^vO^-XC^O*~CMcOo3• 

lA  lt.  L.V  MM  ltn  o  vo  Mj  sC  V')  o  vo  o  '-.D  vC'  r-^  :•“-  r~-  f'-  CD  X  CO  X  X  CO  CO  CO  CO  CO  (D'  c>  cv  C-.  CN  ov  cn  ON  cDv  cr  o  o  o  o  o 


vr 

C7 

0 

^  CM 

CO 

uTn  '.0 

X 

77 

CM 

PO 

ZT 

uA'O 

X  Cvo 

r- 

CM  PO 

rr 

lAvO  ^ 

X  C\  0  — 

CM  PO  or  lA  vo  cc  0.  0 

*-  CM  PO  or  lA  MD  CD  C\  .o 

CSC 

CJ 

■x 

‘'Z 

5D 

C' 

r*\  : '  ^ 

•rv 

•A 

r  ''  O' 

7 

7  • 

■7 

3' 

rD 

0 

<7  c 

0 

C- 

»— 

1— 

r- 

r— 

r- 

f—  f—  »— 

•-  p-  CM  CM 

CM  CM  CM  CM  CM  CJ  CM  Cj  c^) 

popopopopopopopopo^ 

x 

PO 

c'J 

;0 

ro 

rO  •*  5 

r- ; 

;0  fO 

PO 

p'^ 

“ 

or 

- 

or 

or  or 

- 

or  -O' 

or 

or 

or 

or 

or  or  or 

or  or  or  or 

oror.d-oj-orofororor 

orororororororororor 

(/; 

vO 

X 

- 

—  M' 

t- 

- 

r 

'D 

CM 

PO 

or 

uOvC 

PC.  O' 

0 

r- 

CM 

PO 

(A  VO  r-  CO  Ov  0  •- 

CMPOoruAvri^oocvo 

Cm  PO  or  la  VC  N“  CO  ON  0 

< 

cn 

X 

CD 

C',’' 

.  *; 

r^. 

D  '  ' '-. 

:7- 

0 

'  '  D  • 

vT- 

Cv 

7; 

7; 

~ 

77  0 

O 

c.  c. 

'-* 

r— 

r- 

»— 

»— 

»—  r—  T— 

*-  •“  CM  rvj 

Cs(  C.J  CM  Co  CM  CM  CM  CM  PO 

popopoporopopopopo-r 

t'; 

0 

PO 

PO 

PO 

PO 

f'  :■ 

•)  ■•■  ■ 

C*" 

PO 

PO  PO 

ro 

fO 

.r 

or 

or 

-X 

or 

or  0: 

or 

or 

or 

or  or  or 

or  or  or  or 

or  ^  or  or  or  or  or  or  or 

orororr'ororororor.r 

VO  ON  f1 

C  *“ 

or 

CO 

0 

Aj 

PO 

z. 

C ' 

C  A 

C  VC  A  X 

—  r-AOMOorCM^AOCMA— COOCVJCVI 

CO  A 

or 

CD  CO 

•“AXAA»-CM3A3C- 

•*< 

CM 

r- 

CO 

or 

M?  A: 

p-p 

A 

V. 

vO 

A 

A  A  A  -r 

p**'  or  OD  A  C  A  A  vC  v7)  A  0  C**  C-  vO 

0  p“ 

X  CO  A  A  CM  vO  I-  or 

N'X’— p- 33Aor 

lA  CA 

i '  0 

,  • 

.0 

0* 

A 

CD 

A 

C' 

*”  - 

c-  c: 

c  J  c .'  or  vA  or  CM  c  c  —  \a  a  a 

--• 

Cv  0-  CM 

A  v3  A 

A'  A  u^  A  X  C.  A  CM'  CO  A  f-. 

X 

A' 

'O 

vC 

c .. 

uA 

-A 

^•N 

'  * 

0 

'j- 

p*-..  .- 

A  C  ••  A 

Cv  c  C'  A.  t:  CJ  vO  A  0  A  fo  CM  or 

0  CM 

A 

r— 

Cm 

— 

'3 

CO  CM 

1  O.  L  “■  .0 

rv  VO  r-^  tv  >- 

A 

O  S': 

S\ 

</: 

C-  f- 

• " 

CD 

A 

A-  ‘p- 

vA  vA  'A 

>“  CD  CD  C  D  A  CD  A  CD  CD  Cv  CD  A  A  A 

C- 

3  0 

A  CD 

A  A  A  A  CD 

c>z 

CDs  lOv  CDv 

A  A 

Cm 

' 

*—  f— 

r- 

r- 

p” 

f- 

T-  ^ 

»—  r-»—  r-..— 

CM  CM  CM  CM 

CM 

r-  1- 

r-  r- 

1— 

P— 

CM  CM  CM 

%- 

VC 

c.: 

PO 

0^  r- 

0 

>- 

oA 

CM 

A  A' 

CD 

X  ^ 

ACDr-AAorO*-  —  •-•^’-A'-A’-  — 

CM  c-  r- 

- 

CMoTCMoTCXAr- 

A»-AAAXAA 

K- 

i~ 

0, 

r* 

»-  vO 

PO 

'O 

— 

-  A 

cj 

CM 

A- 

fp'  C7 

p"  C7  PO 

A  CM  VA  A  CD  A  A  *—  A  Cm  or  •- 

CM  or 

r> 

A 

0 

N-.  P-.* 

A  VC 

3\  or  or  A 

c 

3 

00 

CM 

or 

_ 

CO 

r-p 

P*' 

--T 

p-p 

»■" 

4.^  J  7 

A  A  0- 

A  •  r  r  0  A  A  r-  Cn  *-•  DM 

A 

CD 

VO 

X 

3 

CM  A 

A  Co  A 

CO 

»•“  Aor  A 

c 

3  Cv 

.  • 

'A 

V  V 

.'  j 

— 

CD 

A  - 

V7  M‘  ••' 

—  P  O  A  .'^  A  X  X  A  or  A  \D  P  O  A  -77 

A  A 

f'.7 

•Q 

— 

CD 

' 

or  or 

3  A  - 

A  A  CD  A  X 

X  C 

X 

A-  VO 

VO 

'.w;  v«,' 

'' 

C  V 

'sj 

'w 

0 

0 

0 

vr  V.D 

0  vO  vO 

'C:Oi'^OOvOO'~t^l^r'f^vC^- 

r-  r- 

X 

A 

A 

3 

NO  A 

\C  3  3 

3  3  3  3  3 

A  Cm 

PO 

PO 

rO 

A  PO 

c 

1-.^ 

•v.. 

- 

po 

rp' 

-. 

P-.-  ^  A 

0  -A  7"  N.  r-—  ro  f...  (T;-  ro  A  A 

-0 

N.. 

A 

A 

A 

A  N.. 

f—  A  P'^ 

p-7  A  ro  A 

A 

0  A 

P"* 

X 

C  ■'•''' 

.  ' 

— 

or 

'0 

w* 

A 

,*7 

V.D 

'7 

•  p;  P-- 

p“  '  A  -O 

1."%  'A  C  VC  vD  C7  A  A  vO  CD  vC  CD 

A  r- 

V.D 

CD 

A 

..“V 

CD 

S'-  »“ 

^  c,  A 

7*' 

p^  0  3 

.— 

3  CC 

Cl. 

PO 

CD 

A, 

c . 

p  ' 

4  A 

p~ 

'  ‘‘ 

CD 

..  c; 

•A  *“ 

‘^vCAA'—  —  OTr^^^fOVCOAC 

CD  3 

'3 

3 

A 

A 

j 

CM  or 

.  “7  .  "V 

—  r-n  r— 

-* 

A  3 

X 

NO 

C-J 

-  ' 

C-i 

■' 

vj  CM 

A- 

p"  or 

vA  A  Av 

'-f^CvOTACvA’— OTAXCM  X'N 

A  A 

ro 

A 

0 

X 

A  A 

or  *“  X 

3  A  A  0  or 

X 

A  P-D  A 

P- 

Ov 

CO 

C' 

•- 

vO 

V- 

-- 

cc 

r-. 

'■C 

p-.- 

C  A- 

AAA' 

CD  A.  w^  A  or  or  or  A  cj 30 

A  3 

A 

A 

A 

ro  r" 

.0 

PO 

CM'  »-  T“  0 

A 

A 

P‘7 

f-'' 

PO 

r-"' 

PO 

ro 

r-  > 

PO 

A  A  A  P'7  r-7  P-O  A  A  fO  A  A  A  A  A 

CM  CM 

CM 

CM 

CM 

A 

PO 

A  A 

A  A  f7 

ro 

A  A  fO  A 

CM 

CM  CM 

CJ 

0  "A 

A  A 

- 

A 

r- 

_ 

_ _ 

^  ^  ^  , _  , _ 

r- 

r~ 

r—  — 

-  r-  - 

A 

'  •• 

CM  C  J 

c. 

c  - 

f'p' 

pp' 

A 

fO 

pp* 

pO 

ro 

rO  pp* 

AAA 

PO  A  P“',  r-7  A  A  A  A  rT  A  A  A  A  rO 

A  P'7 

A 

A 

A 

A 

A 

A  A 

AAA 

PO 

A  ro  A  A 

A 

A  A 

A 

< 

CO 

CO 

- 

—  A 

— 

A 

A 

- 

A 

'A 

A 

X  C-  A 

^  CM'  A 

or  A  'A  P~«  CD  Cv  0  CVJ  A  0  »“  CM  A 

or  A 

0 

CD 

A 

C.’’ 

A  or  00 

3 

A  CD  A  0 

CM  A 

CM 

■•  -J  1.  SJ 

CM 

^  p-  CM  CM  CM  CM 

r— 

p-  p-  *-  CM 

CJ 

CM  CM 

0 

OD 

.  - 

CJ 

A. 

■0 

X 

A 

P-v 

C.  A 

A  vc  r--  aD  3  3  *“  c\.’  A  DT  A  VC  r-"  X 

A  3 

CM 

p-7 

_ 

A 

VO  A 

X  A  3 

, 

CM  A  or  lCN 

3 

A  X 

A 

VC 

- 

.0 

r- 

^  p“  »“  CM  CM  Cv.  0 ..  DM  CM  Csi  CM  CM 

CM  A 

A 

PO 

A 

r'-' 

A 

<0  PO 

A  A  .r 

or 

or  or  A  or 

~ 

3  3 

jT 

CSC 

— 

A 

A 

A 

- 

-: 

r-' 

- 

_o 

—  1  PO  uO  VO  CD  A  3  CM  A  or 

A  'O 

cn 

A 

r~> 

ot  <-0 

-  A  -A 

A 

X  A-  0  •— 

CM 

A  3 

lCN 

f.-' 

'• 

-T 

:■*■ 

A 

A 

o_  -D 

zc  u' 

rv  A  -N  _  L,  N  .0'  A  u".  A  •-  J  VC  vC  DD  NO 

0  MD 

v:D 

■0 

3 

■ — 

- 

A  ■'^  A 

A 

A  A  X  X 

X 

X  X 

CD 

( -  - 

r>  -O 

<-■  V 

r.  ' 

r- 

'  ' 

p-7  -'  ■•  f  ; 

PO  A  PO  :  0  r»7  A  A  A  A  P'7  PO  p-7  r  7  cO 

A  PO 

p  7 

A 

A 

A 

P-7 

A  f-D 

ro  A  A 

A 

A  A  A  p-7 

r-7 

A  A 

A 

CO 

C. 

or  A 

PC 

A 

- 

p' 

^r 

0. 

■•-  v.  -' 

—  CM  A  A  uO  '  D  CD  A  3  *“  C-'  A  .r 

A  A 

r-». 

CD 

A 

iZ. 

CJ  fO 

or  vro 

A 

X  A  0  p- 

CM 

A  3 

CD 

r^-« 

r.' 

'  ^ 

p" 

-.' 

A 

0“ 

-r 

.  . 

-  -  ~  A 

A  A  A  .0.  A  A  -A  A.  'DD  'A  v  "  A  O 

vj  3- 

ND 

0 

0 

f'. 

A 

I'-  T"  A 

A 

A  X  X 

X 

X  X 

,• 

0 

'  ' 

1 

■  ' 

P  ' 

'  7 

p'' 

r-  r- . 

pO  r-7  "' 

^  f  r-o  r-7  f  7  P-:  r7  pO  p-7  r»7  p  ^  f.  r'7 

A  p'*: 

PO 

PO 

A 

r-7 

A 

ro  p-7 

07  f-'  A 

A 

A  A  A  p-7 

A 

A  ro 

f- 

79 


•co^co;\}f\jCNkr\vrj«--r^r-^cO'Of^NCooo«— 


rj<^\C^r^‘^*'~f^CvJC‘CVi'OCO^^OvOO'“C\IN~»“CNL'^’“OCN^'“'0'“COC\J 

r-. a>  CN  ■::  v3  's.::  c  o  •-  c  o  '7'  o  ^  cc-  oo  CM  ■_'^  ^  c-  c^ '  ■»  o  c  »-  c  ’-*  •—  x  o  cs  ’-'^  sc  vc  <^ '"'-  c j 

lTn  »-  vO  i:  C  .'v  s'N;  c  ':  c;  X  ~  C'  •-  O  'C.  O  Osi  C  O  u''-  -C-  CV  '•O  ^  -T  ^  C‘  —  X  O  O  O  Lr>  •C^  C  ^  c\j  c:^  -X*  fO  ON  Cv  cc  C\J 

P^  X  C^  C"*  C  C  C  O  c;  CN  O'  O  •—  •”  »—  3  O  Cn  C^  O'*  CO  c^  O  *“  *“  *■“  *~  •“  CVJ  CV  OJ  •■•''  ro  JT  'C  lA  Oj  CV  •-•  C^J  *~  '--  c\i  <^  -S' 

c\j  Os!  c\; Cnj  c\j  c^:  Oj  cc  ^  cj  cv  oo  rj  oj  c\j  c\j  Cnj  cv  cvj  cv  co  co  (\j  (\j  c>j  cj  c\j  C\j  oo  C\j  f^j  cj  c\j  c\j  c\i  eg  cm  c\j 


vC  P^  ■3'  O  J'.  CO  lTv  o  'C'  X  Cs;  CO  CN  —  ^  G\  fO  \C  fO  VO  O  CM  » 


■  O  O  C--,  X)  C\J  C  J  PO  *-  o  O  X  Cw  CM  ro  ^  in  X  J3-  CO  P^  r~  f- 


X  Lr\  '-  •—  O  X.  u'^  '?•  cr  ^  CM  0>:  X  rg  eg  X  O  O  *—  fO  o  fO  *—  OJ  VC  C> »“  X»  -3“  <>  CM  PO  ON  (Tn  f'v  •  r  O  P^  CN  -X  CN  X  “  CM  PO  O  CO  CM  C> 

X  r  vc  o  o  CO  c."}  g>  s'',  gr  v''. O',  i--  r^s  k.,  ^  x.  x  x  c^.  x  cm  .*•:'  r--  oj  -o  —  x  o-  *-  Ts  o  o  o  ^  -o  x\  o  x  eg  x  on  u'n  in  *-  o  oo 

C'  c-'>  CM  C'sj  •“  X  P--  c~  m:  X  ^  '•'-  C^  ■::  C^  ^  ~  c-  C  r.  f- :  r-*)  O  -C*  c-  C"-.  LA  c  •”  CM  C-  X  O  p^  »—  C>  M:  O  •—  VO  X  X  ’■^  CO  sA  •-  o  »-  lTn  X  X 

p^  p^  p-  X  X  X  X  p''  X  X  X  X  ON  X  o  CN  cr  x  X  X  X  p^  f'»  r^  X  :■'•  oo  X  X  c^  cT*  o  O'  CN  o  •—  O'  c-  o  X  c^  cn  r--  X  X  X  o  X  X  o 


•Cc^,3■;^N^rs..;^f^^^rs-.rs-.f0OP^P^C'^X•>'OC^C^'^-*CcO^^^~f>0^~•'t!'fO^*•^0>•Oc0POP^P*'^^^O^^c^OC0^0^■'^| —  OOOCOr^P*«-OP^ 
r^.  O'  C  X  X  X  O  X  —  X  U'V  X  *"  C  ‘-O  O  f''  X.  X  O  X  X'O  »-  X.  X  »“  co  *—  O  co  c'-  •—  X  «—  uO  X  fO  lT'.  X  X  cO  O  u^  C  iX  X  X  »“  O  •“ 

■  ^-o  Os.'  X  '.  j  X  '  ^  '•-  •“  C'  X  TV’  •-  X  X\  X  ON  X  s'M  J-  X.  O  X  X  C  -  P^  X.  JT  X  O'  C  X  f ")  X  O  Cn  O  O  X.  X  c-  Co  CM  Xv  X  C7Mr\  X 

CfOCoX’—OX'^P'-XC^X— c-r^j:^r-p--0‘'^^Xu‘vXXXCN^Oc-cv.XCM''^’~XX’—  P’‘>CM.XXX*—  CDOXNP^lXXC^OpoOJ 


»—  X  X  .T  CM  •”  c  Cn  CN  «>  c:;  X  P'-  p^  ^  X  X  X  cr-  c  o  CN  o:^  c-..  ^  --S, 

fO  '■-',  .-v-j  fo  s'O  r-T  OJ  Co  c'v  s-.J  s'',  eg  og  CM  s''si  rg  CM  CM  CM  CO  CO  fO  CM  CM  Cg  Cg  CM  CM  Cg  CM  Cg 


ogoxxxco*-oooccMxLr\o:'Oc?NCC  dcnxxp~x 

rgcg*-*“^»-'-r-^  —f-r-i-.-  —  f-CwC'jCMc-*-»-^'- 


—  —  —  ’^'--t-C'0'CnCnCnC'CnC\C'C'C'Cscoo:3XO^XXXC?XXXXXXXXXXXXXXXXXXXXXXXXX 

21  ro  X  ro  CO  c^  C^  c>-i  ro  oj  CM  CJ  Co  CJ  CM  CM  CM  CM  CM  s'g  Cg  Cs-  Og  Cg  Csi  CM  C\.  Cg  CM  C'g  CO  CM  C'g  CM  CM  CM  CM  C'o  CM  OJ  CM  CM  CM  C^J  Co  CJ  s'-o  CM  CM  CM  CM  CM  CM 

< 

Q  lO  X  P--  X  C'  C  —  s'*-  ''N  o  ,—  Os.'  X  X  lTN  X  p^  X  O  O  •—  CJ  X  X  ON  X  r-.  X  O  C  •“  C'g  X  o  CM  X  X  Xi  X  p^  X  o  O  •—  CM  X  X  iX.  X  p'-  X  O  X  »“ 

a:  »-  r-  r-  .-  r-  0.  S-'J  Co  s'-g  t-  1 - r-  r-  r-  f-  r-  —  CM  s's.  CM  eg  »-  »-  r-  r-  - - -  r-  r-  r-  CM  CM 


>*—  rg  X  X.  -.0  p“-  X  *-  s'M  X  X  X  X  p'-  X  ; 
5  O  sO  '  :  X  O  X  O  X 

'  c.^  O'  s'  :  r*-;  X  X  X  P''  X  ON  r"  —  C\;  : 

■  X  ir  X  X,  X.  X  ”n  X  X  r*\  X  g'N  X  X  X  X.  S 


-  CC  O-  CO  ♦-  CV  X  X  X  X  CD  X  O  ♦“  CM'  X  J3-  X  X  P^  CO  X  ■: 
r—  CM  <N;  CM  C'g  CM  eg  Cg  CM  Cg  eg  X  r''^  fv-‘  to  CO  X  ro  fO  rO  fO  J 


>  •—  O'.’  X  X  X  X 
■  X  X  X  X  X  X 


5  X  c  eg  oi  X  X  X CD  X  o  eg  x  x  x  x  p'-  cc^  x  o  •-  cm  c'p  x  u^  x  cc  O',  o 
‘  »•■•  CM  esj  e.  e  Cg  s* .  eg  Csi  cm  e-s  o  •-*  ro  o  o  "'.  o  o  o  x  x  x  x  x  x  x  x  x  x  x 
N  JN  X  X  X  go  w"\  g"'  w'N  X  X  X  X  X  X  g*''  g'N  u'>  u'N  gO  S\  ifN  X  u'N  X  X  -N  X  X 


M'  '.N  X  X  -*\  -N  g'^  X  X  X  X.  X.  ..'NXO^-  X  X  X  X  X  X  gO  X  X  g"'  u'N  X  X  X  X  X  X  g*''  U'N  u'>  X'  gO  J>  ifN  X  u'N  X  X -N  X  X  X 

f-*  r  pp  uN  •  .:^  p^  X  O'  o  ’"  eg  o X  -o  '''*  CO  ro  oj  ro  .t  x  x  x  x  x  x  x  x  x  c  ’—  ^  x>  x  P'-  x  x  c 

CD  ~  s'"'  s",'  O'  ■■  O'  .0  ^  r-  •—  f—  ^  1—  •  ••  e.  sM  s'*;  fv  Oj  cv  Cv  Cg  •.*-.  s\  o  c*  •  r'5  o  o  jiO  -X  X  X  -O’  -X  gO  X  X  'S' 

g-  ..-'  X  X  -X  uN  X  X  X  X  X  JN  sX  Xs  Xs  X  X  X-  X  X.  X.  X  u  X  X  S.  X.  X  %  X.  sX  X  uN  X  u'N  X  X  X  X.  u'  X  uN  UN  ^'\  X  S\  uX  -N  s,N  u'' 


X  CO  VO  ' 

<  13  O'  c 

X  O  -O  - 


XCMX{OOa:?e:COXoCgOXXt'^X^vOOCNOCVIO"OC'0\vOOJ'CMg3-COPOXaNXCMCMOsvCP'-POONOCNO^C'XO\COegOrOcO’~ 

^  ^  ';9  ^  ^  ^  ^  ^  ^  ^  ^  -O  eg  CO  CO  X  .3*  O  iM  ON  N-  p-  P^  fO  U'N  P«-  CO  PO  o  p^  fO  UN 

O<^*''-gr’XP-*»“\0*'-“0N'CCDCNX''OvCP''C0O*“P~*CNCV}0gcccD*^'s.0CNPOr''Xr'-*cD’“POg?CMCCP-*O's0'~ 
'T  ^  ~  ^  ~  ^  ^  c-  "O  O'  eg  CN  •“  c.  c  c  o  c  CN  X  eg  vo  ^  X  gr  X  NO  CP  O'  X  X  c  c  CM  po  O'  no  CM  c  CD  CO  p^  X  >>0 

X  O'.  «XCOP^P''p-''-COCO'^C.:.'0‘^‘'»X*CCCC>'eOP^CDcOCDCOc:2Dr^r--P'-r^p.~cC^P-r'-f^p-^p-^P^^>..COONCNCCXcOcCXP-p^^r^ 


■C'e''CDCMX’”'Ot'OXCCg7'Cu''eg<''''OCN-'O*“*”P'~-v0"‘'^C'CViCViXP^fO>— gOfOu'N'0'~'“X’XvOCP^gOO'COgOP''egcOOXC3*““PO 
C>XXP'XsO'-,  ^XXX-NCMr«->»“.-ro<^;0gC'-^C0N-  —  g^XUN'-CNJ-OJ-OC'C'CV'C'.  Ou'NCCCOr''fOgTCMC0.3'OC''~^<0'0 


—  vO  00  CM  •“  O' 
X  X  *  N  •—  00  -O 
C  ^  ^  ^  J-  s's 


O  '■'''  p^  tO  r  ’ 
U'N  sr"  .—  cN  cC 
C'v  C  sT  u''  X  u' 


eg  •—  X  '•o  eg  vO  O  X  -X  X  ro  gr  eg  ’X  u'N  —  U'N  \C  O'  <o  ro  ro  C-  -O  c'P  VC  PO  VO  -d"  Cn  O  Cg  O  gy  X  •—  *—  P'*  cC  X  CO  P''  gf  gj" 

O  C  X  C  X  X  C  X  fs  O  X  fo  CT\  OD  'O  X  O  «—  U'N  cO  C  gy  CM  Cg  uO  -lO  O'  On  X  X>  X  VO  fO  X  <0  J3-  o  'O  eg  Cn 

r“  O  —  Cv  X  X  P"'  NO  —  -  -O  O  e:  Cm  On  O'  O-  UN  MN  X  'O  C'  O'  Og  P--  X  •—  C  ^  X  •—  CD  CD  X  X  O  'O  PO  uO  x  O'  eg 

CD  '0  wN  X  CD  C  'O  X  <^3  uN  fO  w'  X  O  X  *0  O  C  'O  ^  X  X  X  X  X  X  po  X  X  u'N  X  u'N  O  X  X  CD  po  uO  CC  X  'C  X  CC  X 

■■^  X,  x  ':;  -I  ‘0  !?  Z  X  'Z  ^  ~  o:  X  ^  X  x  x  r--  x  o  po  —  s'm  -r  p-  cm  o  x  x  o  po  eg  x  x  *-  p-  jn  — 


■  —  X  X  X  uN  X  C'.  X  U'N  r-  c  Cg  •—  x  o  s.--  CO  .:?■  X  eg  CM  fO  U'N  u■^  CN  U'N  X  U'N  fO  X  eg  O  CO  CM  sCN  C'.  PO  x  -3"  X  U'N  •“  X  ^  00 


CM  r-T  X  X  CD  X  C5D 
PO  ro  ro  rO  r-'  ro  ^ 


J  X  L'p  X  u'N  'X  X  lO.  X  MT  MT  PO  -o  PO  PO  ro  X-  gt  X  X-  -O  O-  00  X  CO  X  X  X  Cn  X  X  X  CO  X  P''  r-  O  U'N  U'N  X  u'N  U'N  X  X  U'N  U'N  X 
>  P'N  ■'''  "N  PD  P-  CO  -'O  fO  fO  no  ro  ro  ro  fO  ro  PD  ro  CO  ro  CO  pO  PD  PD  fO  fO  PO  ro  ro  fO  fO  PO  ro  PO  ro  ro  fO  ro  ro  ro  ro  fO  fO  CO 


s  P'^  P^N  'O  PD  PD  fO  PD  PD  f  '  PO  PD  PD  PO  p-p  p^  ro  p»->  CO  'O  cO  fO  PO  PD  ro  pD  PO  rO  PD  t'O  PO  CO  fO  PO  PO  PO  PD  PO  PO  PO  PD  PO 


popopopopopopOpOpOpopOcopo 


< 

X  XX- 


•egp''r.-'Ns0'''--xxx’— op-'X*—  e.'coxxxrp-xxO’—  rv'cojoxx*''-xxo*-“CMPoO’— egco.:fxxf'-*xxo*“e'’i 

''-"'~'”'“^^'"P‘egCMs''geg  ^r-^r-r-r-T-r-,-.-fV.CMCMCM  l-f-l—  1 


X  NO  cC  X  X  Cs..  PD  x  X  X  ■'''  X  O.  X  •—  CM  pD  X  X  X  X  O'  O  *“  eg  fO  mC  U'N  X  *'~-  X  X  X  CM  PD  X  u'''.  g'D  X  X  O  ^  CM  PO  Mt  X  X  ^  X  X 
—  -  X  ^  ^  1  ^  ^  .  OJ  r;  s''g  e«  Cs*  Cu  Csj  ."'g  eg  cO  ~D  P*'  PO  rO  PD  ro  fO  CO  PD  .rr  gj-  gr  gj-  MT  MT  X  MT  MT  X  U'N  u'N  X  X  U'N  u'N  X  JN  X  UN 


•“  OJ  -•■'  X  .."N  X 


X  OD  e: ' 

<  c'.:  X  T  - 


-O  X '  -D  ■'-  X  X  X  •“  eg  .3  uo  X  X  X  C  CM  CO  -3-  UN  X  X  X  X  —  CM  CO  X  U'N  X  X  X  X  O  »-  CM  ro  JO  U'N 
oN  X.  w"'  •-.'^  'J  'O  sO  X  O  X  'sD  V'''  X  X  r-  X  r--  CO  CO  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

X-..-  -r  X  X  X  XX  -w  X  XXXX-XX-XXXXXXXXXXXXx-XXXXXXXXXXXX 

^  o  ■'^  X  X  "O  —  cv  X  X  NO  X  X  C  *—  OJ  PD  X  uN  \0  r-*  X  X  CD  •“  sX  PD  X  u'N  MD  c--  X  X  O  o-  CM  X  X  UN 
^  o  'O  -"■  • '  'g:  viD  'O  ’X  o  r-  r~  ^  X  r--  r-  c:  X  X  X  CD  X  X  X  X  X  X  X  X  X  X  X 

3XX  X  —  —  —  —  -'‘XXxXX-XXXXXXXXXXXXX-XXXXXXXXXXXXXX 


HO 


OBS  HR  HRMO  HRDA  MIN  TEMR  STM1  S rM2  OBS  HR  HRMO  HRDA  MIN  TEMP  STM1  STM2 


^  ^  m  j:T  iT'.  O  s\r^  '-Or^’X>OCO-3'’— ^^CVivO^O^'CO^^C^-d“CO^C^■^■t-'^vO:r'OC^*^C^^^Ol^^\OC^^“C•“  X>  -rt  f"  cO 

ONfvi‘^*”voaNOL'>vop*--oocvjr^oJCj<vjcroo(>»-j3'ir\zrif\CN'-irNcof^c\jf^ooooNvocvicor--r^::?’^roji-o*-or^^r^oscofO'“ 
vO^^'^LAC-cr^f^^vOL'^^Ou'^•“0<^l/^lAvoOO^O^*'C\-d■^»“C^vO^OfO^*“‘^^AC^»-»“'0^-^'l^^JCOO'00^0^'O^OJ^■(^JL'^-:7• 
^-OJcDPoooogroCML'^^-•cO'^L'^lr^J7r^r^or^focoo^»”^c^c^^-^■coL'^^^•— '^c^cDc^co(>fOfOfOlAJr^o^>-^cocoofo^^LACf^-■3' 
OOCO^'OO^G^C^C^C^O^O^C^C'OOOCOOO*“00»“C^Jt~^~^-oC^lC^vCO^-'VOO'Of^COcOO^a\C^C^C^C^C^CC^O»— OCOOOCDCCCD 

r“r-i-i-f-r-T-r-»-»-r-<\jOJC\JC\jC\JCMC\JCMOJCM04(\jOJOJC\JOJCN!»“*-'-r-r-f-f-i-i^T-r-T-r-t-f-r-»-OJ«~C\JCsJC\i«~t-»-f-i-- 

r^o^oJr^c\JroL'^oc^^^JOOJJ^^^crOlA^c\Jr^ocoococyJ^vlr^c^Ju^'~o^OJcovo<a<X)^L^\ooccvil^\f^<^iOu^vo^foo^o^^“^CsJ 
^^c^c^l^\r*-c\j^<X)■3■^^|^^^co»“^^co»-»“r^c^u'^cooJOfo^c^^-•^^^-o^o-3'f^c^c^JOcoo^’—  ltn*— h-*cou^^ocOL'*\oooir\ocoj’ 


•— »-cov:lCO■-:T»~c^vO'^L'^o^‘CvJr^0^^o^»-*— r^tr\:2'OCJOCj*— cvJ•-c^*-0^cooc^■3■foco^*-•coC'foaDC^cor^lnu'^-=^^r^c^JJ?•(^J 
^^co*-o^'-co^^c^^^oou'^L'^fo^lr^cor^f^fOfOlr^(\J-:^oc^^■oo^:3*sr^o^c^’-<^c^JOC^Jo^’—  r•^ooocv'OL'^cc;otAOc^(^J^o^ 
c^co^OJr-r^u^c\l(\Jco-r■•-c^iJ'cocrfMvClA^^a'cooi-'^f^-3■c^^or^c^co^-c^co■3’’^c^J^oo^cca^c^^oo-r^-c^-J'<^J^'0^'C\J^-•o 
vcvc^r^r^vor^^^^^r^^^cooooococooocococo'-ococ^<ocoo^coooco^^^^r^^ovo^^r^f^i^^or^r^^-cococococococccocococo^~co 

sOCOvOrOL'^.  L'>-— ^o«^vOL'^^oCO»-^^fOfOCDu'^vOfO^OCO^O*“fO^O»-•O^OCOCCsCOLr^»-»-■0^-OOfOO'OOCCCOO^OC?OCCOO<0 
o^cco^^^^c^corovcc^J<X)l-'^c^^aooolACo»”«^Ol^\Oc^coo^J^<^Jr^u•^'0*~^-■3■-3•'£:■3■OLA<r>o»”L'^cc.Lr^L^^OLr^OL^^.-'\u'\ 
0‘^’“r^-3'oo\o^CNC^*-OLr\::^(>roooc<^vocvjj’trir^\o«“JCMvoc\or^r^<^'OiAootAp^f^'OONLr\cofO'”r^c\j^zrc\jcvj»--»- 


ooo^^^^*■^^vo^Cl^^^^<oforo^^foroJ^oooo*“^cfocofcf^JOcoe:>^*■^''Ol^^'s0^ou'^lA^-3'J^^^OL^\o■o 

fOco<^fO^OfOe<5corofOfOC^C\JC^JC^JC\JCMC^^C^JC^JOJCvJC^JC^j(^IOJC^^CVlCvJfOrorOrorocO^OfOC\JC^JC^lC\JC^JCVJC\JfsJC^JC\lC^JCviOJC^J^OfOfOfO 


OOCCO<OCCCOOOCCCDCOCOXJ<OCOCOCOCOOOOCCCO<OCO<0<X)CO<t>COC002CO<OCOCOCOCOCOCCCOOCDCOCDCOCOCOOOCOCOCOCO®C?COcO 
C\J  Cg  <NJ  Cj  CM  <NJ  CJ  CNJ  CSJ  C\j  CNJ  C\J  CVj  OJ  C\i  C^i  CO  cvj  CJ  CVJ  CJ  <NJ  CM  CVJ  OJ  C-  C\J  rj  CVJ  CU  r»i  r^J  CO  CvJ  c\i  CM  C\J  C\J  w^J  CO  fU  CO  C\i  C.J  CM  c\j  c\j  c\:  C\J  C\J  C\J  Cg  OJ  CsJ 


irNvor^cooc»~oofo^Lr.  '0^^co^7^c^’“CO'^o»“COfo^lAvo^-coc'0•“CJ«^^L'^vo'^coo^o  —  c\Jfoo»-CMPo^l^^vo^-ooc^O'- 

t-t-r-r-t-r-r-f-f-i-rOCOCMOO  r-.~T-«-»-T-.-t-r-»-CMCJCMCM 


CMf'^-^TiTsO^^CCCNO’ 

CCOOCOOO’-’ 


•CMo-a-invor-cocNO 


♦“CMCMCOCMCOCoCMCMCMCOfOfOfOrororocOrororO^cC'-zrJjJ'^^-:?’. 


'^^CC■(>0»“CM'^■S■lr^^C)^^OOC^O*-CMfO^L'^^Oh-COC^O*-*CMf^^L^^vO^“CC•C^O’~C\J^^L‘^'sO>-COC^C*“C^J<^^•L^^'0^-COC^O 
OOCC'-^’— »“’”Cooocm(MCm  CO  cococ\iCgrofo^ofo^ofOforofOfo-3•J^J•^:r“^^^c^L^^lr^lr^4^^lr^w'^L'^o^J'^o 
vCvCv^^nOvOO^OvCOvOvCMDvOvOvO^OvO'OvOvO'OO'O'OvOvO'O'OvO'OOC'VOvOO'OOOvOVOOvOvC^OvOODvOOMDvOOO'O^CO 

M:'^COC^O»-CMf^4rtAOr^C2C^O*-COf^g^lAO^^COC^O»“COf0^lA^C^*a^O^O’-COf0^rL'^M5^^00C^O'-CJcoJ•J^OP^CCC^ 
o  C  C  C  CO  CM  Co  CM  CO  CO  CO  CO  CM  C'J  fo  fO  AO  fO  ro  r*->  fO  fO  fO  ^  ^  ~  -3“  -T  ^  ^  ^  ^  lC\  L'>  U>  iCN  uT'. 

nOvOOvO\OM:Ov0^vOM::mDOvC\OOvOOvOvGvOO^COOO'0'C'VOOOMDOO'OOM:>'0'0'0'0'OOM5vOOO‘0'0'00'00'0 


C*000<^COOO\000-’»-OCM?Or^^CMMf^»-vOfOfO:^CDO*-'inoJ';AcOC?Nt“cOOcOCOPOO'OOCMr^^CMO^Ch*CJCO'^r^'000 


^L■^COOC^O^'7^CO^^l.•^Lr'.  ^lAaSOOC^C^vOCM^^<^fOOO'£)>•r^C^OCM^OC^CO^•lA'“•:^’^*•vOLf^'“C\JCOPO^OCM»~fOLf^PO^f0^r-^ 

^-JC^r^'^PO^-OOfO0J•-“>-0^■^roO^C^C^03•^CC0l^.  '^^•’“ODCOU^AOC^J^^C^u'^-^•^-J3•J3■^-CO^-COC^fO^^CClr^CMOLr\CC 
^  C' Csj  CO^  C\J C\JC\C'<^<^c:^’“\Cf-'iMDCO’— CM-3'or~JL'^J' O'.  irNOrO»-^\DCCa^fC>  CO  ^'^<?^CM■3■fOCC'O^^CwvO^COC^O^  CO 
JJ-OAO.Ai’■o^LrMr\-r^o.‘■c^JCo»-oa^c^ccc^ooooooococooC’-•“Oc^cc•^^^-^-vo^o^o^-^-^^>^“^'r^^•^^*^-^':^ 
CoCJCoCoCvJCMCgCMCMC-CMCOCOCM  —  »-’“’-CMCMCOCMCMCOCMCMCoCOCMCMCMCOCmCM^’“»-’“*“’-'-»-^’-»~^^’~»-»”^^’-^^ 

Of^O’— 0^0?OC^COCO»~'Or^iAO^CO«“COC\jr^ifNOOr^J’’~COfOiAJ3’LrN»-rorO'-vOvOrOj'iAC7NCO'~'— vOfOOJ’rOCJsJ’’^C'OOsO 


\o:-‘“<^cM»-'0»-cocOfoQj^ininco»-OLr\*-ccvo^inONcO’— <>or^’“fo»-cocM<or-*c\jr^^iri^CMC7\.:?-cjNroocfinO’— vo’—CTN 
^0^*■=^CO<^C^O^u'^CO^CCM^’-OOC^C^C7^CO^^C^cOfOOvOr^^Co?lr^L^^J^■C^O•“0^u'^O^lC^CCMfO'OC~’‘^0^<^Lr^^C■.  CDC> 
OL'^c^wCO^^^’-M::C^^C’C^COC^J^C^C^^CMCO^CC^’~CMcr■_'^rOlr^^O^-^-0’OCC-CM^OC^^MDO-:C■OvCu'^>-COroC■’“U^.  oco 
ooc^‘^^^coo*~ooocc^c^<X)cor^r^^'^^o^'^^^^^~^-cocccocococoooc^^-co^^voooL^^l^^Lr^L'^'0'OMDO^ovo^O'Or^'0'0‘^o^o 


<-> 

ro 

o 

fs» 

PO 

PO 

o 

fs-. 

O 

c 

C 

nv 

o 

PO 

f«v. 

f''. 

PO 

rv. 

CO 

pO 

o 

PO 

PO 

o 

PO 

•3 

PO 

PO 

r- 

PO 

o 

r- 

N«. 

PO 

ro 

PO 

o 

o 

r*>- 

PO 

p-. 

ro 

ro 

r««. 

o 

PO 

n- 

p»- 

P-. 

b 

CC 

o 

‘O 

VC 

OCi 

PO 

7;v 

in 

m 

o 

vO 

o 

CO 

y— 

VO 

PO 

VO 

00 

CO 

m 

CO 

PO 

in 

oo 

b 

PO 

PO 

r— 

CO 

sO 

»— 

vO 

ro 

CO 

PO 

un 

un 

VO 

PO 

VO 

un 

— 

PO 

r- 

un 

CO 

vO 

o 

VO 

»— 

iTi 

CC 

o 

VO 

*— 

MV 

CO 

lO 

CT> 

o 

un 

JT 

VO 

c 

un 

r- 

CO 

m 

r- 

o 

PO 

CM 

in 

un 

CO 

PO 

O 

»— 

ro 

O 

CO 

CM 

cv? 

— 

ppv 

CM 

cv 

PO 

Ov 

r~ 

— 

VO 

ST 

PO 

cC 

c- 

CO 

CO 

C'J 

n* 

CO 

PO 

lT, 

PO 

zr 

00 

O 

•o 

CM 

o 

un 

O 

*“ 

r— 

CO 

CM 

ro 

CM 

r- 

c 

m 

c 

CM 

o 

in 

*“ 

CM 

un 

ur 

CO 

CM 

uj* 

(Ov 

PO 

(Ov 

PO 

fO 

CO 

CO 

PO 

CO 

f\.: 

ro 

VC 

CM 

in 

un 

VO 

VO 

un 

lA 

lA 

m 

CO 

un 

zs* 

PO 

-o 

ro 

VO 

C 

CO 

VC 

VO 

un 

JT 

PO 

CM 

o 

CO 

CO 

N«. 

(OV 

CO 

CO 

f— 

*“■ 

r- 

*“ 

.— 

f— 

CM 

CM 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CJ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM’ 

CM 

CM 

PO 

PO 

PO 

- 

JT 

UT 

zj 

J- 

PO 

PO 

PO 

PO 

PO 

PO 

PO 

PO 

CC 

CO 

cC 

C*' 

co 

CC 

CO 

CO 

CO 

CO 

CC 

CO 

CO 

CO 

oo 

00 

CO 

CO 

CO 

CO 

CO 

CC 

CO 

00 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CC 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

00 

CO 

CO 

CO 

00 

CO 

CO 

CO 

Co 

CM 

Cg 

CM 

CM 

CM 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

IV 

CM 

CM 

CM 

CM 

CJ 

CM 

CM 

CM 

CM 

CM 

rj 

CM 

Cv 

CJ 

CM 

CM 

CM 

CJ 

CM 

CM 

CM 

CM 

CM 

CM 

Csi 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CJ 

CM 

CM 

CM 

CO 

fO 

CO 

PO 

-=r 

in 

VO 

r>- 

CO 

cr. 

C 

CM 

ro 

un 

VO 

►v. 

CO 

ON 

c 

CM 

CO 

O 

CM 

PO 

J- 

m 

VO 

r- 

CO 

CV 

r> 

CM 

ro 

in 

VO 

CO 

CV 

CJ 

PO 

O 

CM 

ro 

CM 

Cw 

CM 

CM 

CM 

CM 

*“ 

p“ 

CM 

CJ 

CM 

CM 

CC 

O 

CM 

PO 

-j- 

in 

vC 

CO 

nv 

CM 

PO 

un 

VO 

00 

C7V 

CM 

PO 

un 

VO 

CO 

Ov 

o 

CM 

PO 

in 

VO 

CO 

Cv 

O 

cv.‘ 

PO 

Jt 

un 

vO 

n- 

CO 

o. 

O 

in 

n\ 

in 

m 

un 

in 

in 

un 

in 

VC 

VO 

VO 

VO 

vO 

VO 

VO 

VO 

VO 

vO 

r»* 

r-* 

r- 

CO 

CO 

OO 

CO 

CO 

CO 

OO 

CO 

CO 

CO 

C\ 

cv 

(OV 

(OV 

C?v 

(OV 

CV 

<0v 

(OV 

iCv 

C 

O 

^ , 

ro 

in 

r>-. 

CO 

cv 

o 

CM 

<o 

m 

VO 

'‘V. 

00 

o 

O 

CM 

PO 

-zf 

un 

VC 

r- 

CO 

Ov 

CM 

PO 

zj- 

un 

VO 

N.. 

CO 

Cv 

o 

CM 

PO 

m 

VO 

•m 

CM 

ro 

un 

in 

'-n 

n. 

in 

nN 

in 

n 

uO 

in 

vO 

•n 

'  0 

vO 

<!: 

vO 

VO 

VC 

sC 

r*- 

r-' 

P«v. 

r- 

h- 

c- 

CC 

00 

CO 

CO 

CO 

CO 

CO 

CO 

uO 

CO 

Cv 

COv 

Cv 

Cv 

o 

Cv 

rn 

c^ 

c- 

o 

Cj 

b 

o 

ir. 

in 

un 

n. 

in 

un 

un 

in 

wO 

m 

un 

u'V 

MV 

un 

un 

U'N 

un 

m 

-n 

in 

lA 

in 

m 

in 

lA 

m 

un 

un 

in 

un 

m 

m 

un 

m 

in 

un 

un 

un 

un 

LA 

un 

un 

un 

Jv 

un 

n. 

U''. 

in 

un 

vi 

VO 

VC 

VO 

VO 

VO 

_ 

nf 

rO 

- 

in 

VC 

f-. 

CO 

Cv 

CO 

PO 

in 

VO 

CO 

CT\ 

o 

r- 

CM 

<o 

.T 

un 

VO 

CO 

Cv 

c 

CM 

PO 

in 

VO 

K* 

OO 

cv 

O 

CM 

ro 

■rt 

un 

vO 

p- 

00 

C7V 

(M 

PO 

ur 

un 

in 

in 

n 

b 

in 

Ln 

.n 

n 

n. 

'O 

MO 

VO 

VO 

vn 

vO 

VO 

VO 

vC 

VO 

rv. 

rv. 

r- 

p— 

CO 

CO 

CO 

CO 

CO 

CO 

P-"/ 

CO 

CO 

o 

cn 

CN 

!0V 

C". 

O 

o 

n* 

C\ 

(A 

cn 

C' 

n 

O 

3 

o 

o 

un 

lT. 

in 

in 

in 

-"V 

m 

n, 

UV 

un 

un 

in 

un 

un 

un 

in 

un 

in 

un 

un 

un 

un 

un 

lA 

un 

s\ 

m 

un 

un 

in 

u'*v 

un 

jn 

un 

un 

un 

un 

un 

un 

un 

un 

un 

un 

un 

un 

un 

un 

VO 

vO 

VC 

O 

VO 

VO 

81 


66u 


OBS  HR  HRMO  HRDA  MIN  TEMP  STM1  STM2 


^d^€OCVJO^OC^^vOOJOD^O 

^fo.nr^o<3N'OC4tfNu^aNON 

voo>c\foinc>c\jO’“r^covo 

(^\0'Of^«5C7NO’“'-»-»-r- 

r^P^OCO»-0<M<^f^03COco 

c^Mm*”<\jfoONOCNjocvj 


f^CsOvO'OOdOC^u'>Or^O> 

f*-<\j<^fovo»rNO<\ir^ocjc4 

h-c\i  <\i  j  ^  in  iO  u>  VO  \o  VO 

OOvO»AvOrnrofOif>cOvOOvO 

O'OJ'^v00Dcofor*«vr\^O*“ 

'OCVjO<M^<\i'*if>r*-r-OvCVJ 


^-O^OC^^•fOO^'l^l;tf•OJOJ 

eOro^fOrOrOfOCViCJOJCVifSl 


oococovo^•^•^-^^r*•h**^-^v 

CMCucvjcgcsjcjcjcurjcvjruro 


f\JfO^L'^vO^•OOO^Or-(^JfO 


r^eooNO»-c\jfo-3'ir»'or~oo 

l^\^r^L'^vovo'0^0'Ovovovovo 


•“Cvjf^^«r\vof^coo^O’~CM 

vOOvovOvOvO'OvOvOl^r^r^ 

vOvOvOvOVOvjnOvOvOVOvovO 

»-rgco.3-krNvor^<ooo»“fg 

v.ovO'Ovc^ovO'«ovo'‘Or->*r^r^ 

vOvOVOvOvOvOO'OvOsOvO’O 


82 


OBS  HR  HRMO  HRDA  MIN  TEMP  STM1  STM2  OBS  HR  HRMO  HRDA  MIN  TEMP  STM1  STM2 


NOiA»— OOOOON^Or^Cs^^»“'"CO^CVJCNOfOOOCJ^^-*"ir\\OC-3’CUOO'.  0<\ICNOL^fO«^fOO»“<'‘>vO^CO-:^00.3-vOCOO*“ONfVJ 


co^-lActoo•J^ooc^JJ■co^*•vocOlA^^*c^JC^^^^^(\llf^'^^^^^•c\Jlr^cofococ^.'0^'Ofo^vooc^JC^J^oc^^^ooooo^*•c^JJ^‘OO^lrMf^ 
c^f^»“C^c\iO■=rfOJ3■^^^-o^^fotf^rof^Jfoc^jl^^ooo^l^^c^cD«--c^J*r^o^c^^OJOOvou'^0'0^“COO^^c3^cO'Ofoooc^fOlA^o'— 
Of^col^^cou^r-r-c^Csifo<^JJ»—  fOJJ4rcooc^^fo\ou'^o^cvlr^^op^(X>oc^JpOl^\\ooOfoco'0^-^'C^cD^^-•»— coco’O-a'h-ojiA 
vou^lAa^^Au^lr^u'^J■lAu^l^^t^^vO'0>•coc'^^^*-oocococ^o^ooo«“»-o•“»“’“'•'“C^JCVc^JC>JC^iC^JC\JrgcoL'^Lr\0'Ol^^J'pofo<^^o 

#-r-r~<\jojOJf\i<\i<\iCjrUCOf\jOJrU(\JC\J(\/C\,CVfVCO<VCJC\»<\JC\J(\irUC\JC\/fVCJ 

h-c5'r^oofor^T-fo\o<\jocooOfo*“focoir\fc^oooaotAoocoo-d‘»-fooNvovocoiAr^»AfooN'OOfojj'coj'foo\4fOir\CNfOfo«— o 


c\iO’“OfooNOor^foir\\oOfo^jf\]or^r^'OJ‘CJor^o\oo-a'r^irNr-^f-T-sovDooc\jro\0'7NL'>aNOjj'ir\o«— l^so^lA'“coo^J' 
C^U^♦-O^^LAO^^<^’“OC7\lnl^‘<X?C^CC♦“»-^^«COO•:OO^COu'^^--COCd^OPO-3'OcJ•OOC7^^^^''>C^OO^-•■:?'’~C^^^COC^O^^O*-f^^-0 
^irv-d'cofo»“fOfoor-'Oir\r^oco»“Cs:?‘^ojr^cocNOJvOfoiA»— oof^r^c\jfooro.^rfocoiAC'jr^oo^'0»-or^c\jooN^*“f^ooo 
fOfo^^Jf^J(^JC^;c^JfVfo^Jc\J^o^ou■^'Ocor^^o<^Jvoso^O'^vo^^^“^^c^cDvo^~^^^-cocococ3r^cococococ^cooc^c^oco^oooo^ooc^co 


f^OPor^<^poco^^^ooi^or*“MPoooof^f^or*^h“<^ooor^r^r*^opocof^r^r*-Ofoor^r^h'0<*or-*r^foor-*'r--or^ 
VOO^Or-cOCOOlACOfO^OOO’OL'^•-fOrOlAlr^O»“vOO«~^COl^\0  0^0^0'Ol^^«*oro►“^0•”OCOLr^r-'0«“L'^COVO'OCOOvO’“lAvO 
*~lAco^a^lr^u'^^-oco<^lf^L'^^ocMc^forocJC^JO•3■vOOO\^oCs:oovO’-»-^-ooco^»“^cocJc^’-‘C^c^Ju'^’— ’~urMn»-ONr'-\o 
lAlr^vo^O’”li^o-3'c^f^io^focor^'0^-»“foo^oc^o^for-^^^C'Jfoo^^lf^u^^o^^otf^<\lco^oc^co’“lA'Oo^t^^fo^•l^^cooc\J»”Ovo 


ONONOC\J-3’^iA^^^fOCMcOtAOr^ir\J?^co(\i(\JCJC\i*~O^OOOCNONONOOOCr^0^^rrOc*OfO<VfV/«— r- r-r— CJf\J<r>^L'^v£/tn 
J•-3’t/^lAlAU‘^^lr^lAL'^lAlA^^^fOfOfO^O<^fOfOfOcOfOfO^OrO<^C^^CJC^JCMC\lC^J0J^0C^JC^JC^lC^JC0C\JCVJC^(\JC^J0J(\JC^JC^JC^JC^J0JC\J 


oocooooooooooooooooooooooooooocooooooocoooooooooooooooo 

^o<^^oc^f0rof0f0f0f0^o<^^0f0f0^0f»o^orororoc0f0rof0f0<0f0f0^0f0^orof^c<)coc»>rof0co^ororof0f0focororof0f0f0r0eoco 


r^coavo*-CMfo-=rLr\\Of*^cocNO*-fMfoo»-ojro^iAor^cooNO 

r-r«r-f—  r-»— 


c\jfozrir>'Oh-cDc?so»-c'j£oo»-cvjfo^ir\or^coaNO 

f-  f-  t-  r-  r-  (\1  CO  CM  CVJ  r- 


^or^coc^o•~CM^^^L'^^o^^coo^Or-<Mfo^l^\\o^^coo^o*-f^J^<5J^■^r\^o^“Coo^o*-f^Jfo^L'^vo^-•coc^o*-c\Jfo^l^^^o^^coo^o 

lf^L'^l^^L'^vo^ovO’0^o^ovo^O'0^o^~r^^^^^^•r^r^r*'r^^-oooocococococococococ^c^c^o^o^o^o^c^o^c^oooooooooo«" 


voh-cocNO»~c\j<^-5’iAvor-coo\c*-CM^^iA'^r*-oo^o»“Cjfo^iAvor-cooNO'“Coeo^LrNor^coo>0'-'C\ifoJ3‘invor*-cocvo 

lAiAlf^u^vo^o^O'^o^o^ovovO'0'0^-*^-^-^'r-^-r-^'^-^-cocoooc^coccoocooocoo^o^c^c^c^o^o■^c^c^c^oooooooooo*“ 


VO  CO  C7\0 
lA  lA  L'^  VO 


»-C\jfOJTLAvor**COCsO«-Cs|ro^iAvOh-COC3vO*“CMfOjyiAVOr^COOvO»-CJfOj*uAOh-COC?vO*-(\Jr0.3'iAVOr*-COO.O 

vOvOVC'0^vOvOVO\Or^C*-C-r^r^C-r^f^C-C-COOOCOcOCOCOCOCOcacOOvCvCNOTCvCvOOvOvOvOCOOOOOOOO*“ 

r-^r-r—  •“♦r- 


03 

CM 

zf 

CM 

PO 

PO 

VO 

VO 

PO 

o 

A- 

PO 

VO 

Ov 

CM 

VO 

PO 

PO 

PO 

CM 

CM 

PO 

VO 

zr 

A- 

CO 

VO 

A- 

CM 

CO 

CO 

vO 

r- 

CO 

lA 

VO 

PO 

zr 

zr 

zr 

lA 

VO 

lA 

ON 

zr 

ro 

to 

(Cv 

lA 

r*«. 

Ov 

VO 

CO 

CO 

PO 

vO 

zr 

O' 

r- 

o 

CM 

PO 

zr 

lA 

A. 

CO 

At 

OV 

PO 

CO 

CO 

ST 

CM 

PO 

o 

CO 

PO 

lA 

CM 

PO 

AJ 

CA 

Ov 

VO 

O 

O 

PO 

2 

CO 

CO 

Cv 

CO 

LA 

VC 

zr 

(A 

CM 

PO 

lA 

CM 

CM 

CM 

CM 

CO 

CO 

CM 

CO 

O 

UA 

ro 

CO 

CM 

A- 

•— 

VO 

Ov 

vO 

CM 

PO 

A. 

CO 

CO 

Ov 

00 

00 

o 

A. 

zT 

zr 

lA 

lA 

vO 

PO 

Cv 

A- 

VO 

A 

.^r 

VO 

PO 

uA 

O 

CO 

CO 

c^ 

m 

ON 

CO 

r- 

VO 

CM 

CM 

f) 

o 

CO 

zr 

CM 

LA 

CM 

lA 

O 

zr 

PO 

lA 

O 

oc 

iA 

UA 

VO 

»— 

PO 

CVVO 

PO 

CM 

CM 

zr 

CM 

PO 

CM 

A- 

CTv 

r— 

lA 

Zt 

zr 

VC 

r— 

PO 

p” 

o 

CO 

CO 

p— 

00 

o\ 

O 

CV 

C7» 

O 

o 

O 

Ov 

CO 

PO 

uA 

zr 

LA 

A- 

A- 

vC 

vO 

VO 

WA 

lA 

LA 

lA 

VO 

o 

A* 

A- 

VO 

uA 

ZT 

O 

LA 

ZJ- 

ST 

zr 

a- 

sT 

lA 

uA 

vO 

uA 

lA 

uA 

lA 

lA 

LA 

."t 

lA 

UA 

lA 

CM 

r" 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CVJ 

CM 

CM 

CM 

CM 

CM 

At 

CM 

CM 

CM 

CM 

p- 

r- 

r- 

r“ 

CO 

CM 

C3 

LA 

r. 

CM 

zr 

r*- 

«- 

zt 

CM 

r- 

CM 

lA 

CV 

O 

PO 

A- 

A- 

00 

VO 

CM 

zr 

A- 

00 

lA. 

CV 

AJ 

PO 

zr 

VO 

AJ 

CM 

r«- 

CM 

O 

A- 

LA 

O 

CO 

o 

PO 

UA 

CM 

o 

VO 

ov 

O 

03 

O 

r- 

»” 

C3> 

03 

CM 

PO 

Ov 

CM 

CO 

CO 

PO 

O 

C 

ro 

vO 

A- 

00 

UA 

zr 

VO 

PO 

00 

Ov 

00 

r- 

O 

CM 

CM 

CM 

vO 

o 

zr 

0\ 

zr 

t— 

-d* 

CM 

VO 

uA 

o 

PO 

C3V 

VO 

o 

O 

O 

CM 

(JV 

lA 

a> 

zf 

CM 

CO 

VO 

r- 

CM 

CM 

CO 

PO 

C 

PO 

PO 

o 

A- 

lA 

A- 

CM 

o 

CO 

zr 

VO 

CO 

PO 

uA 

«- 

PO 

PO 

VO 

CM 

AJ 

«- 

CO 

ov 

A* 

CM 

C^ 

A- 

PO 

CC 

VO 

CM 

VO 

r- 

lA 

A- 

lA 

O 

(Ov 

CM 

CM 

O 

CM 

A 

PO 

VO 

VO 

o 

PO 

cc 

CO 

A- 

A* 

T— 

A- 

VO 

PO 

o 

O' 

oc 

cr» 

lA 

(M 

r— 

w 

vO 

O 

PO 

zr 

VO 

o 

VO 

lA 

VO 

PO 

o 

O 

zr 

CM 

O 

CV 

A- 

zr 

LA 

lA 

c> 

VO 

PO 

PO 

PO 

r— 

o 

VC 

CM 

o 

CV 

CM 

lA 

o 

uo 

VO 

Pv. 

A- 

o 

CO 

VO 

CO 

CO 

O'- 

OV 

Ov 

Ps» 

cr 

CO 

r— 

Cv 

CO 

VO 

ro 

r”) 

CM 

CO 

o 

O 

p~ 

VO 

Lr\ 

A- 

lA 

zr 

zr 

lA 

lA 

VO 

lA 

lA 

zr 

•=r 

zr 

lA 

VO 

PO 

PO 

zr 

zr 

zr 

zr 

zr 

zr 

zr 

-=■ 

zr 

zr 

zr 

JT 

zr 

ZT 

ro 

CM 

ro 

CM 

CM 

CM 

*” 

CM 

fO 

ro 

(M 

CM 

PO 

PO 

PO 

CM 

PO 

CM 

CM 

CM 

CM 

CM 

ro 

•“> 

p*^ 

PO 

PO 

O 

PO 

PO 

o 

PO 

A- 

r**. 

A* 

o 

A* 

PO 

PO 

A- 

A- 

O 

PO 

r- 

PO 

O 

A- 

C 

ro 

A- 

PO 

o 

ro 

ro 

o 

PO 

O 

A- 

VO 

N*. 

h- 

O 

o 

PO 

r-- 

A- 

O 

A- 

o 

rn 

o 

o 

CO 

r“ 

PO 

CO 

UA 

CO 

PO 

r— 

vO 

VO 

PO 

r- 

VO 

o 

VO 

CO 

ro 

uA 

VO 

p— 

c 

CO 

VO 

CO 

o 

»— 

UA 

CO 

VO 

CO 

MA 

PO 

CO 

lA 

cc 

LA 

vO 

VO 

LA 

CO 

VO 

lA 

O 

lA 

VO 

ro 

o 

o 

u'> 

zr 

CO 

Li'> 

OJ 

A 

CO 

VO 

b 

CO 

O' 

lA 

LA 

CO 

r- 

Cv 

o 

o 

p- 

o 

o 

ZT 

A- 

uA 

f— 

lA 

CM 

rO 

r>^ 

w 

A- 

zr 

zr 

VO 

VO 

lA 

sA 

CA 

r- 

A* 

VO 

LA 

zr 

ON 

h' 

PO 

>• 

lA 

CO 

Gv 

UV 

r- 

O' 

PO 

CM 

vO 

— 

A- 

lA 

PO 

lA 

vO 

CJ 

CO 

Cv 

VO 

O' 

A> 

o 

ZT 

PO 

PO 

CV 

lA 

ro 

lA 

CM 

ZT 

*“ 

ON 

PO 

CO 

vO 

CM 

CM 

CO 

vC 

CA 

Cv 

ro 

ro 

ro 

CM 

CM 

CM 

CM 

CM 

PO 

vO 

OV 

CM 

zr 

LA. 

CO 

00 

CO 

lA 

-■ 

zr 

zr 

lA 

zr 

r- 

lA 

’MO 

VO 

Cv 

CM 

On 

CM 

VO 

CO 

CO 

CO 

p— 

LA 

PO 

PO 

A' 

T- 

r- 

AJ 

zr 

PO 

ST 

PO 

C 

CO 

Os 

CM 

Cn/ 

CM 

A' 

CM 

CM 

CM 

CM 

CM 

CM 

ro 

PO 

PO 

PO 

PO 

PO 

PO 

PO 

PO 

ro 

PO 

PO 

PO 

PO 

PO 

PO 

PO 

ro 

rO 

PO 

PO 

PO 

pO 

zr 

“ 

lA 

lA 

tA 

lA 

lA 

uA 

lA 

uA 

lA 

uA 

uA 

lA 

lA 

LA 

uA 

lA 

lA 

LA 

zr 

~ 

O 

O 

o 

:3 

O 

O 

O 

O 

O 

O 

o 

o 

o 

O 

o 

O 

O 

o 

o 

O 

O 

O 

O 

C 

o 

O 

O 

o 

o 

O 

c 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

C 

O 

O 

o 

o 

O 

PO 

PO 

fo 

PO 

PO 

PO 

PO 

PO 

PO 

PO 

PO 

PO 

PO 

PO 

rO 

ro 

ro 

PO 

O 

PO 

PO 

PO 

PO 

PO 

rO 

PO 

PO 

PO 

PO 

PO 

ro 

PO 

PO 

PO 

ro 

ro 

PO 

PO 

PO 

ro 

PO 

PO 

PO 

PO 

ro 

PO 

ro 

PO 

ro 

PO 

PO 

PO 

PO 

ro 

O 

CM 

PO 

LTN 

VO 

CO 

OV 

O 

CM 

PO 

lA 

VO 

A- 

00 

C^ 

O 

CM 

PO 

O 

CM 

PO 

zr 

LA 

VO 

A- 

CO 

O 

O 

CM 

PO 

J. 

uA 

O 

00 

Cv 

o 

CM 

PO 

O 

CM 

rO 

LA 

VO 

r* 

p- 

*— 

»— 

p- 

— 

»— 

T“ 

CM 

CM 

CM 

CM 

r“ 

CM 

CM 

CM 

CM 

f~  CM 

PO 

5 

6 

h- 

00 

cv 

O 

f— 

CM 

PO 

zr 

LA 

vO 

A- 

00 

CA 

O 

r- 

CM 

PO 

SO 

r*- 

CC 

Cv 

O 

p- 

(VJ 

ro 

zr 

lA 

VO 

CO 

CA 

O 

•— 

CM 

PO 

zr 

lA 

MO 

A- 

CO 

CA 

O 

»— 

CM 

fO 

zr  lA 

p-> 

*” 

r“ 

*” 

CM 

CM 

CM 

Cv« 

CM 

CVJ 

CM 

CM 

CM 

CM 

rO 

PO 

PO 

PO 

ro 

ro 

PO 

PO 

PO 

PO 

zr 

zr 

zr 

zr 

zr 

zr 

zr 

zr 

uA 

lA 

LA 

LA 

LA  lA 

f-  CM 

PO 

lAvo 

A- 

CO 

CA 

o 

P“ 

CM 

PO 

zr 

lA 

VO 

A- 

CO 

(T. 

C: 

CM 

PO 

zr 

LA 

’>0 

A- 

00 

O 

O 

y— 

CM 

PO 

zr 

lA 

MO 

A- 

CO 

CS 

O 

CM 

PO 

zr 

lA 

VO 

A> 

CO 

CA 

O 

CM 

PO 

.:r  lA 

•“ 

p- 

•” 

p- 

r- 

♦” 

p- 

CM 

CM 

CM 

CM 

C.' 

CM 

CM 

CM 

CM 

CM 

PO 

ro 

ro 

ro 

ro 

rO 

ro 

PO 

ro 

PO 

zr 

zr 

zr 

zr 

zr 

zr 

-=■ 

zr 

uA 

lA 

lA 

LA 

lAlA 

1—  CM 

PO 

lA  VO 

A- 

00 

CA 

o 

CM 

PO 

zr 

lA 

vO 

A- 

CO 

Cv 

o 

CM 

PO 

LA 

vO 

CO 

O 

O 

CM 

PO 

:r 

lA 

VO 

00 

CA 

o 

p- 

CM 

PO 

zr 

lA 

VO 

A* 

CO 

O 

O 

P- 

CM 

PO 

zr  la 

p- 

»— 

r- 

r- 

p- 

r— 

p“ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

Ai 

CM 

CM 

o') 

PO 

PO 

ro 

ro 

PO 

PO 

PO 

ro 

ro 

sT 

zr 

zr 

-3- 

zr 

zr 

zr 

zr 

ZT 

uA 

LA 

lA 

lA 

uAiA 

83 


OBS  HR  HRMO  HRDA  MIN  TEMP  STM1  STM2  HR  HRMO  HRDA  MIN  TEMP  STMT  STM2 


<^JCOu'^vO^*OOr^OOO^“f^^^OO‘^u'^roOO^O^Olr^»-cJ•fOO^O^OcCOU^OO^f^C^<^J^•CO'04^■crJ•’-J^cOvOO-3•0^•=^v£3^000C^CO^O 

OOr^OOJ^^^COOO»-*-'C\JOO^CC>^*JTC^’-'(^i'"^OfOl^\^orovocO:3•c^a^0^f^lr^u■^0»“'--'0^-•C^O^^OvOfOC^J^C^JC\JCDL'^fOL'^ 

uAcccDsoa^c^^oo^oa^<^Ofo^--\cc^>»“Lf^cv‘^»“C^J^ooC'^Jlr^c\oc\Jr^c^.voco^O’~c^^c^c^ir^c^c^Jcoc^f'~oco^oo^>-^x:>ccoo^ 

»-T-r-^T-»-cvifOPoo'-oo'cocccjo3r^oDO\ooooooc\oooo'“^ooCNcoco<or^f^sor^cosococ\cocococococoaN'23 

C\iCNJ(\Jf\J<\iC\JC\JC\IC\JC\JC\JC\Jt~*-»-»”»-^*“»-CVi<\iCJOJC'dCVJ'“C\lCaOJC\jCVCNJ(\JC\J»— 

u^CJC\Jr^cooro^r-tAC^J^^o<\Jr--Ofoo<^<^c^^~c^o^ocJC^Jcococx^r»->u^o^JO^c^JC^JfocM^-•'^Ofo»-<\J•“^-c\iO»-OJ^-po^^OJr--(\J 

coc^^J'0'“^oco»-^^CM^\JTO»"^ovou^o^'OlA^^^^«-^-roo•-o^»-^^JC^c^J^oo^^“C^J^-c^fOOJC^^Clm*“^c^co^-u^^^^oo 


CNr^poojc\jr-*ojoinoNr^coroiAfoor^*-r^cooNfocoiAcs*-*oc'Of\io<vcor^ooL'^opoooojoaNoavON»-coj’fOfocor*-vo 

OC^COC^^'CO•-•^-•0'~^r^C\i::J■’-COC\JOfOOCsJP^O^coC^t^-3■■OC^J»”^OvOOJ^J'0\OOCOL'^C^fOu'^lr^O^-*“C^OJf^C^JO’“Ou^fO 

COCOC^J•-L'^fOCOCOC^JJ•'OVOvOC\;O^OO^^u‘^CO^-^-^C\J»-“^-C^J^O^lAr^COLAcOOC^JCO»“lAr-cOC^.'C\JvCOCOL'^r^^OcorO<\jJ3'OJ 

oococ^c7^c^o^cAC^o^c^c^ocococo^*'r^^ovo\o^oo^o^•^^vOf^f^f^'Oo^“^^^^^^cor^'or^^ovOL'^^^:^ovoovo^^vof^^'r^^-•^-r-• 

o<^r^oo<^Ofoi^r*-ooooo^r*--foo<oor^oor*-‘Of^oooor^f^f^fOf^f^foOf^^*-^^of^or-*fOfo<^or^<^f^o^*' 
OCD*—  L'>Lr\00OfOV0’OOOur\Oir\'0'“fOLAcDL'^r-oO'OO*“L'*'.  COiTv*”*— COfOfOPOrOOCOO^u>*-0*— fOCOfOiAvOCO»"0’“ 
OC^<\J^^u'^OPO\0*~lAu'^^-OOJOC^fO^•0^'-3•^i^lr^^OOC\^-“OOC^J^^Oc^<Oooc:;OOOOO^lC^OO^COOfOCM’“0•a•OC^ 
fOT-o^ocooD»“l^^coc^^Lnl^\L'^c\J^o^oc\Jlf^^-o^lA^oc)^ocvJO'OcOlAC^^^Lr^J»— cor-'h-iAtncV’-iAL'^iA^r-r-ocoocO’- 


»“Oc^<7\cor^^^'0^o^oo^oacrvoc^cQ<oc^c\o^•— oof*-*r**irsinir\iAif\4?j?jrofoirNt^CNO«-'»^irssor*~'^irsfoc\i»— 

fO<^C\JCVCVJCUCVJC\JOjCNiCvJfOPOPOfOfOcoc^fOeo^fO<OfOfOro<v^fOfOf^fOrorOfOroPOro^^^^^j:J‘^J3’J‘^^^^^4r-:J’rOJ’ 


oooocooooooooooooooooooooooooooooooocoocooooooooocooooo 

f0^0<^f0^0(^cnro^'5r0roro<^r0^0f0r0r0f0^0^0^0<^>f0ro^0<^r^^^^f0<0f0^o^0^of0ro<^p0f0c0f0c0f0r0f0<*0p0^^rof0ro^o^0f0 


*-c\Jfoo•-cvJfo^lnso^‘OOo^o*-<^J<^^u'^of^coo\o•“^\Jfoo»-^\Jfo^lr^'^^-coc^o^-OJ<^^Lr^-o^-coc^O’-c\Jfoo»-c^Jeo 

CSJOJCM  T-r-f-r-r-r-t— r-*—  •—  CvlOJOaCVJ  »—  r-i—  r-r-r-*—*—  »—  r-CMC\JC\jC\J 


c\Jfo^lr^^o^-flOO^o»~c\JrocJ•L'^vo^-coc^or-cJ^o-3“lr^vc^-coc^o»“OJfo^Lr^vo^-coc^O'-OJ^^^L'^or^ooo^o•-c^Jfo^L'^vo 

C^JCUC^JCv]CvJO^JCJCVJcOfOfO<^f*^fOfO^OfOOJ^■^^J■^-3*-3■^•=^4flAiAlAL^^lA^AlAlAu^l^^^OvCOOvCvOOVOOO^^^^^'^-^*-^-*^“ 


‘^o^-coc'0»“CJfOJ^■ln^o^-■ooo^o»-c^J<^^lA'0^*ooo^o»-^\J<^^lr^vo^^^oc^o*— ojfOJ3'L'^of^coovO'-<\ifo^ir\vof^oooNO 
vovooor-r-h-f^r«*-r^r^r^r^r^<X)<ococococDcococococ\c\0\CNC\oc\C\C\C\ooc:>ooooooo»~'“»“'“'-'“*--»-'-'“Oj 
r-*-i~r-»-T“r-f-r-r-r-»—  r-t—  t-f—  t-r-r-T-r-»-f—  1— f-r-f-r-r-r-f—  r-*—  «—  CvjCMCJ  CgC\JC\JOJC\jC\J  Tv  CNJC\JC\JC'jCVJC\jC\JCVjC\JOJfVJ 

\cr-foa^O’"C^Jfocflr^vo^^ooc^O'-CJco^u‘^^^-coc^O'-c^Jf^J3'u^'0^^coc^O'—  f‘^Jf^-=ru'^vo^“COo^o•-CvJ^^^L'^’0^-coc^o 
vovsvo’0^*•f^^'^^'^^-^'^-r-•^-cooc^occacccoco<ocoo^a^c^c^oc^c^c^oc^oococcoocO’^^'“»“’-"«-'-»-»-•-"C^J 

f-r-  f-f-r-f-*—  r-r-*-r-,-r-T-T-T-r-«“CNjC\iCSjCNjC\iO0rjCv3<\lCMCMC\jC\jCSjC\JC\)C>0CMC\}C'JC\] 


»-co^OsJONOocs’-covoco^'Or>-in^CNjinfo\oooooccr«iAin»“fcoNr^iAvor«-OLACNr-'OM-ccO’-'poinvc^^cvjo^»“aN»“'0»- 


l^^co^o^'lf^^J^*-a’0*“OC^p^^o»*vor^’~f^^c^\o^r^c^vOlA*-po<^J’-^^o^^-co«-cofot-1-^c>co'-roc^cD-d•vor*-voa^oJvDL^lf^o^ 

o^4^■lf^^/^<~cocDC'Jo^ooo^voL'^^^^<^J^-OJpoc^»-c^^^l^^u^lnvocs^mc:>^*“^^c\JCVJ\cocC’-^r^c:^co(^^^J>-^-lr^L'^c^»u^’^cc•^^ 

^CVL.'^»-OOC^C^OL'^<^^^J^\JvC*-OO^J■^^C^LAco^OO^’^<\;C^^u^vON.C^J(\la^^Oir^r^ro«^^^o^O^-vO^■0•-C'C^OcOC^^-0 

f\JrJC\JC\JC^J^SJO<JOJC\iOJC\JC\JCJ<VOsjCVJ(^JC\JCOCgO^JCJCJC^IC^JOJCViC^iC^JC\l<\JCOC\JC\JC\iC'JC\JC^JOJ(^jrsJC'JC^JCsJC\JC\jCsjC^J»-C^IC\JC\JC^JC^JC^J 

foc^r^r^CNco<NjooflOvocM^oc\jvocoo^»-ifMnc\jtn4t»-rooj\OJ’incom^r^roromforo^vo^ooNOun'cc\:oir\incoovc\j 


f^O'CNoocri-‘^^'”coin^j^^^r\c\iooir\ 
<\jo<’ou'^foovor^Lnj‘vr;^-r^r^oc\;j?T\)0'o 
vCw'>CDC^COCVJC3'~4rOu'^C\*-vO^*COr^^NC»r^ 

cocooor-cooNcocsoooNooooO’ - 


r'j  v.\4  VLJ 


J’C^L^^o^L'^r~-r-u'^cDJr-r^•^^JJJ'Cv’^c■'0'^^'r■vO'-c^.'^ooocooco»-o 
‘  ■  “  ca^c^JC^pou'^r*«•’“•:oJ^•Jrl^\cc«^ 


.-T-foc^ocv»~c^oc^u'^co■^o^Jpoo  — 

OnOnCxCnCncOOCOcCCOOcOCnOnOCOOCT 


U  A  J 


<  1^—.'  a  \  ^  ^  f  ' —  r'  / 

>o»”’“OcooscoONcor^vor^coccco 


covoco<ooofOf'-)ir\oiA»— cC'“00’“»“u^OcocoL'^»“ro»“voir\c?ccforoLr.  OLrNO’~**'co\ocoo'0’0'OcDOfOfOLr\’“f-ooco 
u'^OOlAl^^r0c0^-\0^^C^l^^C^OCC^^^-COOC\]^CC^*-•0J;^\l^\^0f0f^u'^^-•Oa^-S’u'^'OO!-'^»-'Or-oOfO^0^gJ■^^£)L^^O 
^AO^'^kAfOCO'>00'OC^;'-0^^fO^Ou^^^^^^(^JCO^Ol^‘.  ^;3'OOO^C'0^0»“C\i^cOl^t^-“VOl^^C^fOfO^OJ^fOOCOC^^-cOrO^>-c3C^'0 


ro 

CM 

CM 

CM 

r- 

o 

C3V 

C^ 

00 

CO 

r-- 

m 

ITS 

ro 

ro 

lA 

r-- 

CO 

O 

1— 

CM 

ro 

ro 

CM 

CM 

O 

o 

Ov 

CO 

VO 

VO 

ir\ 

in 

m 

in 

VO 

CO 

o 

J- 

VC 

r- 

Ov 

T-~ 

r“ 

CM 

CM 

CM 

r- 

T- 

»— 

Cvl 

CM 

CM 

CM 

CM 

CM 

CM 

r- 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

r- 

r- 

CM 

CM 

CM 

CM 

CM 

ro 

ro 

ro 

ro 

ro 

CO 

rO 

ro 

o 

c 

Q 

O 

O 

O 

O 

O 

o 

o 

O 

o 

o 

O 

O 

O 

O 

o 

o 

o 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

o 

O 

o 

o 

Q 

o 

o 

O 

o 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

ro 

fO 

CO 

ro 

CO 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

CO 

ro 

CO 

ro 

to 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

*n 

VO 

r- 

CO 

O 

O 

CM 

ro 

O 

r~ 

CM 

ro 

m 

vO 

CO 

Cv 

O 

CM 

ro 

LA 

VO 

r*- 

cc 

<7v 

O 

CM 

ro 

O 

CM 

ro 

m 

vD 

CO 

Ov 

C 

CM 

ro 

lA 

VO 

CO 

O 

O 

T- 

CM 

CM 

CM 

CM 

»— 

CM 

CM 

CM 

CM 

T- 

r- 

CM 

»—(\jpo^ir>or^ 

♦-  c\J  <r>  iTN  VO 


r-  Cst  CO  tTV  \0 


CO 

cv 

o 

CM 

ro 

lA 

VO 

r- 

<o 

o\ 

o 

r- 

CM 

ro 

mvo 

r-- 

CO 

cn 

o 

r- 

CM 

r») 

-3- 

*— 

CM 

ro 

m 

VO 

r- 

00 

o 

f— 

CM 

rO 

lA 

VO 

A* 

CO 

OV 

o 

r- 

r- 

r- 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

ro 

ro 

ro 

ro 

fO 

ro  ro 

ro 

ro 

ro 

^3- 

43- 

r“ 

r- 

T— 

*“ 

r- 

r~ 

CM 

CM 

*“ 

*" 

1— 

*” 

r“ 

T- 

1“ 

00 

Ov 

o 

r- 

CM 

ro 

in 

VO 

CO 

C^ 

O 

CM 

ro 

in  VO 

r- 

cO 

o 

o 

— 

CM 

ro 

J* 

m 

VO 

r^ 

CC 

cn 

o 

CM 

fO 

J- 

lA 

VO 

A- 

OD 

Cv 

O 

r- 

CM 

ro 

J3- 

lA 

r— 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

ro 

ro 

ro 

ro 

ro 

ro  ro 

ro 

fO 

ro 

ZT 

si 

CT 

CJ 

lA 

in 

UA 

uA 

lA 

lA 

lA 

lA 

lA 

VO 

vO 

VO 

VO 

VO 

VO 

*“ 

1— 

*“ 

*” 

r- 

*” 

*” 

r~ 

*“ 

»-  t— 

*“ 

r~ 

r“ 

*“ 

*” 

*” 

*“ 

*“ 

1-“ 

*“ 

CO 

c^ 

o 

r- 

CM 

fO 

lA 

VO 

CO 

O 

O 

CM 

ro 

uAvO 

CO 

C^ 

o 

CV.’ 

ro 

in 

\o 

00 

cv 

o 

r- 

CM 

rO 

si- 

uA 

VC 

r-- 

CO 

CV 

o 

r- 

CM 

ro 

lA 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

ro 

ro 

ro 

ro 

ro 

ro  ro 

ro 

ro 

ro 

JT" 

.CT 

.■3’ 

S^’ 

LA 

lA 

lA 

uA 

lA 

lA 

lA 

lA 

lA 

LA 

VO 

vO 

vO 

VO 

vO 

VO 

r— 

r— 

T— 

r“ 

r- 

r“ 

r— 

r— 

r~ 

1— 

r—  f— 

r— 

1— 

r— 

r— 

r- 

r— 

r— 

r- 

r— 

r— 

r“ 

r— 

r“ 

r— 

r— 

r— 

T" 

r“ 

84 


5083  85 


ObS  HR  HRMO  HRDA  MIN  TEMP  STH1  STM2  OSS  HR  HRMO  HRDA  MIN  TEMP  STM1  STM2 


tf\ONOC\jcvjoj^vor^co<^oof^or^u'\»“r“^-^o<ovoco^^-d‘voj'*“cO'-cocTN^ir\'^ooL.'^'OirNvoc\iAC'j’-f^ONoor--oaNaNCvj<^vooN 


oo\ooo^OlAco^-oco^oo•-^^*c^L^^oc^c^^-'^<Mlf^'OlAo^c^}^-lr^vDOOo»-^^oc^^-foc^.  j3’ooc\jcoo3ir\*~c\jc7Mr\iAmr^ 
C^O<X)C\!fOC^^cr'>OOOCD.^J^Of^VOC^^roC'<aC^Jr^if^COC^’— CC<'OO^OcO^^C^O^f^cocO^-3■^\JOO^J'0\oO»“fOOLr^cr<^0»”0^ 
Of0CN*“»-0'.  »-co‘^c«-c^ccc^cJOC^ro^ofo^-“CDl^\L'^^xJ(^lOl^\oco•-0'-c^JC^oo•-o^'0*-•co^•“»~fo^u'^^oJO^'l^^f^JC\J 
^-•\Ol^^knL'^L'^r^^^cr^r^vovovoovoococof^f^^Cln-'^u'^zfJT<^JJ■iAu'^u^u'^^JT■3■r^vor^coc^ococ^coc^o^o^a^coc^oo 

co*--d’»-foovoof^^vor^voor^NO*~fo\oaNcococoiAco»-rc*-«— vocooir\r^ofocooc\jvocDJiocooNvoocoojc\icoccooNO 


^U^vOOC\JvO(>f^fOCDON^r-“(\J'Or--'OCCOCOOCOJ^-OO^h--3'ON^OinO'OvOON-3'iACCaNf^»--OCO^iAJ3'\00(>CvjPOCOr^CVJ 
co(7^o^CL'^L'^<x)^OJ*^^f\JC\J^^r^O’”C^ccf^'"f^c\Jco■^<^l^^<cf'^<^-3'co»“cOfOfOPO'^^'Lr^J•c^;c^^--3■»— cocoovooof^ojiA^ 
coovor-•ooO‘^<C’-foc:•(\lJ^^-cc4J^-Lr^c^Ju'^Ofo'^fOL^^*^-c^cocovoo\»-^-o»-OL'^•-(\;cv£)oc^C'O^OfOf<5cooD»“C\l 
^^r^kr^LnJlr^'0^c^^^^;'^r^^^f^^cr^f^r^^^cor^^“^Ou'^-3■tr>cozrfo<oJ■^cfLr^L'^L^^^L"^r^voccc>oDa^o^vo^ovOfovor^vo<)^-^- 


VO’— coo'0'OL'^o»— Lncovcoc^fot— r-o♦~J^<^oc:’'•»“^oco•~ocofOf’■^ooccoccofO'Ovof^'Ol^^t^\co»— ^*~infoo«“Oir\ 


r- 

gr  3\  uo  3  3  3  e-  O 

o»-3r^coovjTccve-po 

•3gyCv3333OC0cO3C' 

3  0 

O  O  PO 

1— 

po3e~eg3gy^c\r*-ooocvoeg 

r‘-^ror^co3’— -^■po 

O 

e'  3og  ov 

^  gr  3  cv 

h-PD3  0v033fOgye^3r'^ 

»-  CO 

P” 

3  ^  3  CO 

eg  PO  gy-  r-  3  3  eg 

3  Cv  r-  <“  r-  ^ 

3 

OPOrOJ^-^evJOsCO 

3 

3 

3g?-3 

eg  eg  eg  ^  c 

eg  PO  3 

t-g3-3eg3C03COcOCg 

CO  »— 

r- 

,— 

o  3r- 

o 

CO 

CO  r-  Lfv  ^  3  3 

3 

3\  3  3  3 g?  ^ 

3  3  3  3  3\  cy  ^ 

ga*  gj  PO 

j?  jJ-  -3-  gj  gy 

g?  gy  -3* 

3333333333 

3  3 

3 

3 

3  3^ 

PO 

CO  PO  PO  PO  PO  PO  PO 

PO 

ro  PO  PO  PO  PO  PO 

o 

30000000 

o 

o- 

o  o  o 

O  O  O  O  O' 

o  o  o 

OOOOC'OOOOO 

O  O 

C 

O 

O  O  Cv 

Cv 

Cv 

Cv  Cv  Cv  Cv  Cv  3  Cv 

ejv 

CV  Cv  Cv  O-  Cv  Ov 

fO 

pofoporopopoforo 

fO 

PO 

pp^  PO  PD 

CO  PD  PO  P  '5  CO 

CO  CO  PD 

fOPOfOPOP^cOP5PDCOPO 

CO  PD 

PO 

CO 

PO  PO  eg 

eg 

eg 

eg  eg  eg  eg  eg  eg  eg 

eg 

eg  eg  eg  eg  eg  eg 

r> 

CgfOj’33e^c00v 

o 

eg  PO  o 

»—  eg  PO  j-  3 

6 

7 

8 

evo*— cgpoj3‘3  3r'*co 

Cv  O 

eg 

PO  O  •“ 

eg 

PO 

0 

6 

9 

1 

9 

n 

eg  ro  ^  3  3  f’- 

r- 

r-T—  r-»—  f—  t—  r-T- 

eg 

eg 

eg  oj 

f—  r-r-t—r-f—i—  p-T— 

f-  eg 

eg 

eg 

eg 

r“ 

1—  r-  r-  P-  r-  »— 

eg 

PO 

gy  u'^  3  3  Cv  O 

T- 

eg 

PO  gy  3 

3  CO 

Cv  c 

•—  eg  PO 

gy  33 

r*'-  3  30  ^  eg  PO 

-y  3 

3 

f*'- 

3  *“  eg 

3 

5 

6 

7 

8 

30 

f— 

eg 

3 

gy  3vO  3 

PO 

PO 

PO  PO  PO  PD  PO  CO  zr 

gy 

gy 

gy  4r  gy 

gy  gy  -y 

y  3 

3  3  3 

33  3 

3 3 33333 

3  O 

3 

o 

3 

r* 

r“ 

r- 

r- 

^  r-  ^  p“ 

i-»-p~f-.-p-f- 

»-  r-  p- 

r-  r-  p- 

p-  »- 

f-  f-  t- 

t-  »—  p- 

p-p-t-f-T-p-r- 

p-  r- 

p~ 

3 

N- 

oD  Cv  o  »“  eg  PO  -rr 

3 

3 

e-  CO  Cv 

o eg 

PO  gy 

33 

CO  3  O 

•—eviPogy3  3e- 

3  3 

o 

eg  3  gy 

3 

3 

e-  3  30 

•-  eg 

3 

gy 

LTV 

vo  e-  3  30 

e- 

e-  3  CD  CO  CO  CO 

CD 

00 

CD  oo  CO 

c\  C'  O'. 

cverv 

3  CV  3 

330 

o  o  o  o  o  o  c 

o  o 

1— 

p— 

P—  —  r“ 

p- 

•— 

«-  r-  —  eg 

eg  eg 

eg 

eg 

eg 

eg  eg  eg  eg  3 

eg 

eg 

eg  eg  eg  eg  eg  eg  eg 

<g 

eg 

eg  eg  eg 

eg  eg  eg 

eg  eg 

eg  eg  eg 

eg  eg  PO 

CO  PO  PO  PO  CO  fO  PO 

3  3 

fO 

3 

3  3  3 

3 

3 

3  3  3  3 

3  3 

3 

PO 

3 

3  3  3  3  3 

3 

coC'O'-egcoj* 

3 

3 

CO  C' 

o  t-  e.i 

CO  ^ 

3  3  e- 

3  30 

•—  eg  PO  gy  3  3  e~ 

3  3 

o 

,- 

eg  3  gy 

3 

3 

h-  3  3  O 

p-  OJ 

3 

jj. 

3 

3  3  30 

r-- 

I- 

P-  3  CD  CO  CO  3 

CO 

CD 

CO  CO  CO 

O'  vC.  cv 

Cv  3 

3  3  0 

3  3  0 

ooooooo 

o  o 

r- 

p“ 

^  r-  P— 

p— 

♦— 

eg 

eg  cg 

eg 

eg 

eg 

eg  eg  eg  CV  3 

eg 

eg 

eg  eg  eg  eg  eg  eg  eg 

eg 

eg 

eg  eg  eg 

eg  <g  eg 

eg  eg 

eg  eg  eg 

eg  eg  p-D 

PO  PO  CO  PO  PO  PO  PO 

3  3 

3 

3 

3  3  3 

3 

3 

3  3  3  3 

3  3 

3 

3 

3 

3  3  3  3  3 

CVJlACJf^f^C\J^'\OOfOCO’-CvCv^f0030CC<^<^CJP^(\JCMn^r’'irMn^CO^O^C'^C\Ja\COi*^h-r^Or^COCvOPOasC\JvOCVJC7NO 
^lr^<\JrooJ’C^^^^-'OOCvJir^lr^fvi^^lAa^coo^^*•^’^^^oc^(\jC‘Cgco:^'co^c^L“^c^J’^^^ccc^’-lALf^fv:0’-^o  —  r-cor--»-c\Jo 

—  ^^»“’-coL'^u'ococ^Jvc^^^^^^vc-’^•“C^Jr•oO’“CVi^c^c^J^'>’-fO'“^^-vococJ^':^vovo 

C'C^CC^CC''^^■vOLr^u^^"^u'^\OvOf^vOC^C^C•^’--3‘<^''•JCvJC^^’-c■^c^J^■<•^^u'^<^JOO’“CO•-'“COOOOOCO’“^»-OO^cc^- 
og —  •-’-’-’-’-’“’-’-’-’-’-OaCVjCJOJCgCJ  eg  CVjC\lC>-O0C\J  CjO>J(\JC\j(\JCV  CvJOJC\)CgC\jfVjC\J(\iCViCVl  CO  CNJOJCVJCVJCM’-’-*- 

C^•“C^r^ev;0-:^ODa^<’oroL'^f^-i'^^l^\^l^^^^‘^l^vCOC^OCMvOvo•^roO’— VOL'^^-CO^-0^-VOCOO»“■:^VOO^•:^^'^“ 

VOC^CC'^•:^C?CO'”<OOl-'^^vOOO^OC'f^'^^^-•^^^OvOO'Ou‘^(^J’— lA^~C^JC•:^Le^f\JC^JvO‘^:g^C^U^■.-'^vOvOCOJ'^^Ol^\:5’CC^Ol^^ 
o  C  ^  O  Cs.  c-^  CC  ■'’•■:  O',  e*-  <“">  ''O  C'  irv  *-  CO  'O  O  '■o  JV  in  o  ^  T’*)  rO  CO  VO  T'’:  'O  .^r  CO  CD  OD  *—  iTi  VO  CT'  Oj  cv  r-“  VO  ro  CO 

J'  CC  O  cc  C*  I —  ro  <X)  C3  eg  O  C  ^  eg  >C  O  lTn  “-C  eg  On  ^  evvO  C  C  5D  u'^  CO  O  i/'.  I.\j  »“  Ov  sO  CO  C\  cv  O  O  eg  o  eg 

ro»—  0•■0^~•c0^~c^0^c^c^0'•c7^c^0c^c^0'00^00^** 


C  O  CO  g''  —  O  cc  —  C  'O  CD  u'V  o  CD  O  C'  O  O  O  VC  u'',  C  C  U"\  w  VO  L'^  ro  O  PO  r-  f-  ro  cc  03  CO  O 

C  ~  VC  o  f'-  c  •  o  g,*  u'.  ih  *-  e^-  u'>  u' t  vD  o  Cv  cT"  ge  :D  CO  Oy  VO  CD  CD  ^  r--  C'  c:  rg  iTN  •--  cv  ro  ltv  p’c  ro  cc  O'  -a*  CD  3  lTv  ro  o  o 

Cvjc',  3r^c^C’egrofo^•— j^ocvr^C'OD’—  tc.  u'vr^C’-pocgvOP'Degoco.eg'— ^-egovcgu'^f^h-ojcoco'-jp^ofoccoovcgov’— ^00 

OCvCvC;vC’“v0Cv’“r>.P’^P'T»”CCv0— COu'^egOCD‘^vCg'^g^J^g^3-v0^vO^'VC^~■^'COCOcOaDCCN-P^^vOOvOk^^L■^c^J■;e^u'^^-•0<^ 
J^POPO^g^l^\l^^l^^vOvCOvOVOg^g^U^geJ^J?gT^OfOcc^o^o<^fOr')cOPOPOcor*7C^^^'<^rOPOfOf^rOfOrorOrOfOPOPOrOfOfO^OPO-5‘■d' 


O  O  O  O  C  C  C  3  3  O  C  3  O  C  C-  3  C  r  3  O  C  3  C  C  O  3  C  C  3  C  3  C  O  3  3  O  C  O  O  C  O  O  O  O  O  C  C  O  C  C  O  C  O  C  C 

ro  ro  PO  ro  r-T  r-T  fO  P'5  fO  rD  fO  ro  f-')  fO  ro  fO  ro  r":  ro  ro  r*")  ro  CO  ro  fO  PO  PO  po  ro  ro  rD  PO  rr>  ro  ro  fO  PO  (^/  PO  CO  ro  CO  ro  ro  ro  fO  fO 


grJ^3^^cc3.  0’”C\jpoj?Lr'’0'^cDO'3*—  cvp^c*—  cgp^c3'Lrvvoe'“COGvO’“Ogp5jj‘up>o>*coc'C'— egpp>0'“evj<3cfirkvoe^coo>o 

r-.-^CgeVjCgeg  T“r-T~»-r-f-.—  r-r-  r-f\jC\jC\,Cg  r^ 


r^co33’“eg‘'^-3vr'vc''««-c03  0'— c^)po^^u'^•o^-ccc^3^cg<^-'♦u'^vc^-coc^c•“C\.'p^g^“t^\3^~coc^3’“CMPo^L‘^vD^‘OOCvo*“ 

^^^-^-OOCOcD3cOcDcOCO•:•DOD3C^C'C^C^3‘C^O^a^C33  3C33333C•’-•-*-»-’“’‘•  —  »— '-*“ev!f\jegegCgCs;0gCVjegC\JPOPO 


»—  p\;pojr'a^0*^<0  3  3‘—  rg'^g:*3vvCf^CD0  3*—  <Vco  —  .rv\cr*--<3‘Dv3»“C\iPOJT-'‘»'«O’^C033-“(\lPOrrLP>Or'^C00'C’“Cgp0^ 

eg  “g  C-.'  Og  c'>«  \  r  j  r '  p  '  p^  po  pp  po  p  ■•  po  pp  p'  ^  ^  -3  cr  —  3  3  3"  3»  — "v  -r\  3  j*v  u'v  3v  vo  '  d  vo  o  o  ^Cv033vo^r**e^^r^ 

eg  Ki  eg  eg  cj  eg  eg  e^  eg  ej  C'g  eg  C\.  e..  eg  eg  cg  eg  eg  c-  '^g  ej  eg  eg  eg  ej  ej  eg  eg  eg  Cv.  eg  eg  eg  c\j  v'g  eg  Cg  eg  eg  c\j  eg  eg  eg  eg  cm  eg  eg  eg  c\j  eg 

»-  ev)  pe  3  lO,  g'*  CD  C'  3  •■-  eg  'O  3  C'  vc  CO  3  3  —  eg  ro  je  J-.  O  CD  3  3  —  eg  *0  3  ir\  vo  CO  OV  3  ^  eg  PO  3  vo  e-  CD  O  o  »“  eg  PO  ^ 

eg  'V  eg’  e^  eg  e-  e,  e.  e^  p->  'o  r--*  ro  po  pv-.  p'  p>  ro  ■  ^  3-  -3  4r  3  3  cr  3  3  .3  -3  3. 3  w'^  le,  3  3  3  g>  3  3  vo  3  vc  vc  o  3  vc  o  vo  vc  e”-  ^  e-*  e~  r'^ 

eg  Kj  eg  eg  eg  cC  “  eg  .m  c,.  m  e^  eg  eg  e.  Cv  e^  eg  ej  eg  eg  eg  e,  Tm  Cu  eg  eg  eg  eg  Cg  eg  Cs.  “g  eg  eg  eg  eg  eg  eg  Cv  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  OJ  eg 


85 


5  275 


OBS  HR  HRMO  HRDA  MIN  TE.MP  STM1  SrM2  OBS  HR  HRMO  HRDA  MIN  TEMP  STMl  STM2 


vO\00^^^^0»-fOvOOCO'OvO^-0^'“fOJ’'~fOvO^'»“^*^^0^-^-^OfOlf^^\JO^vOC^f^J’“OC\}OOC\JOOu‘^CO’-00^*lAf^JvOfO^'VOCOL^^O^ 


VCCO<^«~C'-3'OMr>fOsOCOOrOOCOa\NCir\\COsf^Cs»-r-:3- 

lAvO'0^o^*cococococooocoo^cococ^c7\^o^o^o^ooc^o^ooc^ooc^c^o^O'^^r*-“^o^o^*^-^^r^^*>‘CO^'^^^'^“^^coo^oo^O\ 

r^co<Njr^ir^r^<^co^co^^^for^cjONCsi*^»-r^\or^O\Ot^»*^OJcOfocor^oO’“NO‘^o^o»— coo<^covOir\j?'Oc\jvOf*-^'«ococor^«~ 

^CO^-0^i^^CO^lAOC^J^~C^J^C\JVO^-<MvO»~'“VOU^»— OMf\f\JOfOj-C^O«“<OVO»“'0'OCVJOOO'OOi.'N>*^fOJ’^COkrNOcO^'0 


OfOCjroO^CN^CO»~»— r^*“rOL'^J’^-•:3‘^'CV■3■CVJ4AC^JO\C^lC'4^CO^~VO*“l^^^OO^•U^;A<^l•“fO<^^«•*-c^OCtr^fOC^J'0’-<0 

^C'‘OOforuOfO'^0'”VOir\CJCOOO»— ^fOlr^^fOvOO^OOO•~C^O-i^vOCOC\JC^JvOO^l-'^COf*^O^oOOJOCOOCOCVJ*— VOO’”’”<C'CO 

J'J3'lA^0lAL'^v0'0^0v0<>v0'^v0^0O^~^*•^*^r^^'r^r^l^r^c0c0^“C2^^r^^-r^f^v0lnLr^u^a^^0’^v0v0^0^A^0’O^'0^0^-^'r^'0'O 


^^O<^<^^'^^f^O^**•Of0OOf0r0^^Or0O^^O^^OOc0Oc0OfOOOO<^^“f0^-f0OOf0^0r^O<^^“f0r0^«•^-*^^r0f0OOf^ 

>CiAcOf^»~\0‘^Lr\^tn<^Lrva^co<^^u'^f>'>ocoLA*“Oir\oO'-r\<^j>fooou^co'Of^vcfOL.'^ococo»~ir\fO'OcofO'0»— '“focoou'^fo 

fOinfoO'^-oocor^r^^foir»»-*-vo»~ojcj-copoooojcor^iAJ^j‘CJONirvoc)f^*-ifNOC\J»— f*^c-r^^j’foc\Jinocor^^iAiA»-*-co 


r^O'^iAjycvj’— ’-^-cofooJC^J^4CMOJ»-oo^c^co«f^^^f^^^^^^^^^vOcocooc^l^vo^^o\0^o^c^o^c^o^o^coco^-^-u^^oco:3'lr^zJ■ 

^Z^^^f^^OPO^o<^<^cofOPOfOfOr^copOfOCJ64C^JCJCViO'JC^JCVi<^iCvJf^JCdC\iC^JfOcocOfOc^rO^O^o^OfOPOfOPOfOcofOco<^rorOfO^OfO 


O^O^O^C^O^O^O^C^C^C^C^C^O^O^C^O^C^^O^O^O^O^C^O^O^O^OvC7\O^C^O^O^O^O^O^O^O^O^O^O^O^O^O^O^C^C^C^O^O^O^C^O^O^C^C^ 

C\J<VC\JC\jC\JC\jC^CVjC\JCJOJfVjOJOJCVJC\JCJC«C\JC\J(NjCJCsJOJCuCViOjCJCOCUC\JCjCJC\JC\JCNJ(\jC\jC\J<\jC\JC\lC\)C\JC\JCVJCVJC\JC\jCJC\jC\JC\jC\JC\l 


I— cvJfo^lr^^o^-ooo^o♦~c^Jro-c^■lAvo^^«oo^o*“C^iroo^^^i^o4^lf^vo^-coo^o»“C^JfOJ•u^vo^^coa^O’-■c^Jfoo*“OJfo^l^\'Or-• 

r-*-T-r-»-r-r-i—  r-r-<\JCVjC\JC\J  f— r-r-f—  r-r-  (\iOJC\JC\J 


JT  in  VO  CO  a\  o 
00 


^<Mrr-:J‘invOr^oOONO»“(\|fO 

OOOOCOCOOOOOCOCOCOCVCVOVCV 


Jtinvcr^coavo»-njf^-3“invoh-cocv 

ONCvOvOnO\<?vOOOOCOOOOO 


Lnvor^coONO*~c\jfo^!nvor^co 

r-T-f-.-»-c\jc\jc\jCMcocviOjn.’Oj 


vor^oocvO*-cv.if03'in'>or^coovo«-cv:<^^vnsor^coovO^~cof^crinvof^cocNO’“Cvjf<^jin\or--coc\o»“C\jf^^invor^coov 

COcCcooOCvCvOvCvCNCvCNC'.  OvONC:OOOOOOOCO»-“*“*-*-*“i— ’-•“•“’-CvJCVjCsJCUCNJCMCNJCVJCViCOfOcOfO^OrofOfOfOfOrO 

vo^-ooovO*-nJfOJ^■e^^o^-•coosO«~<\l‘^•^'»nvor^coc^o•-^^J#^^lnvo^^coo^O'~c\JfOJ^*lno^~o:50^o»-f^J<^^Lnvo!^coc^o 

COCOCCXCvCvCvOnOvC'.  OvCvCvCvOOCOCOOOCO»— •“•“’-•“  —  ’-'-•-^OJCjnjOjfVJCV.'rviCNJOJCVJeoi^fOrOfOfOf^rorOrO^ 
rororOfOrorOfOfOfOfOCOrOfOro^^-cr-3‘-:r-3‘-=r-d'-3’-:r-3*^-d'^-3‘-d*^^-3‘.3‘J’.3*J‘-3‘J^~-3'^C‘4?‘-3’^-3’J'^.3'-CJ’-3‘-3‘J- 


VO 

00 

CM 

in 

Cv 

o 

CO 

in 

CM 

VO 

C^ 

VO 

CM 

ro 

CO 

O 

CO 

fs.. 

O 

00 

rO 

CM 

ro 

ro 

O 

in 

O 

VO 

o 

VO 

P-. 

CO 

CV 

ro 

O 

TT 

P- 

VO 

ST 

ro 

O 

CA 

Os 

ST 

CD 

»- 

P- 

CM 

ro 

ro 

m 

in 

VC 

O 

CO 

vO 

ro 

CM 

ro 

in 

VO 

CO 

VO 

CO 

r- 

o 

CV 

00 

n. 

00 

P- 

MT 

VO 

o 

p- 

CM 

o 

p«. 

00 

CV 

lA 

P- 

in 

ro 

p. 

VO 

CA 

ro 

CM 

uA 

ST 

ST 

O 

CM 

O 

CM 

CM 

vC 

CV 

vO 

CO 

o 

r- 

VO 

CM 

nv 

CM 

n 

O 

ro 

CV 

Cv 

CO 

»— 

VC 

VO 

C; 

CO 

OO 

ro 

CM 

vC 

cv 

cv 

o 

CDS 

P“ 

OV 

CM 

r— 

O 

VC 

Cv 

r— 

ro 

*— 

CM 

p« 

UA 

P* 

CM 

rO 

CO 

Ov 

r«- 

CV 

in. 

r«- 

n 

CO 

cv 

o 

fO 

VC 

o 

CO 

CV 

rO 

CO 

ro 

sT- 

c 

O 

CM 

CV 

CM 

r«0 

CO 

lA 

p.. 

un 

O 

ZT 

CO 

CC 

lA 

P- 

3D 

ro 

Cv 

ro 

o 

VC 

vC 

sT 

AJ 

in 

P- 

P- 

r... 

o 

ON 

O 

ov 

<?v 

Cv 

Cv 

Cv 

Cv 

CV 

o 

r- 

CM 

O 

Cv 

Cv 

CO 

p- 

VO 

nv 

;n 

lAvO 

f- 

P- 

P-. 

r»» 

p- 

P- 

r--. 

N» 

CC 

Cv 

Cv 

P- 

vO 

lA 

.3- 

ro 

ro 

CM 

C'M 

r-D 

ro 

ro 

ro 

rO 

Cm 

CM 

CM 

CM 

in 

•“ 

*” 

CM 

CM 

CM 

CM 

*“ 

*“ 

r- 

*- 

*” 

»“ 

*“ 

r- 

*” 

*“ 

*“ 

T— 

»“ 

*“ 

r- 

cv 

ro 

CV 

CM 

VO 

CO 

O 

z* 

in 

VO 

VO 

in 

in 

cv 

00 

ro 

CO 

CV 

in 

VO 

ro 

— 

Tf 

Cv 

CV 

p«. 

o 

CV 

fO 

m 

MD 

CM 

O 

m 

o 

CV 

uA 

uA 

CV 

ST 

lA 

VO 

ro 

P- 

.3“ 

in 

cn 

CV 

r- 

VO 

r-» 

vO 

00 

in 

VO 

<C- 

o 

in 

o 

r- 

CM 

TT 

CO 

r- 

<o 

VO 

CM 

m 

Cm 

CM 

ro 

VO 

CC 

ST 

sc 

VO 

CD 

fO 

nv 

CM 

CO 

ro 

P» 

o 

CO 

00 

c 

o 

O 

ro 

p» 

rO 

CC 

CO 

00 

vC 

L'V 

J“ 

n 

CO 

r«* 

.- 

ns 

— 

in 

rs* 

in 

ro 

cv 

ro 

in 

CM 

r>- 

cv 

in 

p- 

ro 

O 

Ci 

CO 

Cv 

cv 

ro 

Pn* 

OC 

O' 

m 

CM 

ro 

TT 

z* 

uA 

P* 

K«. 

P- 

C 

CO 

p- 

o 

c 

CV 

00 

n\ 

c«^ 

in 

CV 

ro 

CM 

o 

CO 

00 

vC 

o 

iTV 

o 

iV 

in 

CM 

CM 

CD 

o 

CO 

vC 

CD 

in 

CM 

CD 

lOv 

P- 

C 

Cs 

CD 

CM 

p- 

CM 

p. 

A. 

wA 

n; 

ro 

c 

CM 

rvj 

c; 

cv 

CO 

CM 

vO 

CO 

ir\ 

*— 

nv 

CO 

ro- 

Cv 

p- 

pv. 

CM 

ro 

vD 

CV 

— 

p.» 

CM 

ZT 

c 

CC 

CO 

Cc 

ST 

VO 

CM 

uA 

Cv 

ro 

CC 

>«. 

ro 

VO 

CA. 

iT. 

O 

f'-. 

NO 

r-- 

CO 

CO 

p- 

n. 

in 

TT 

ST 

n 

in. 

TT 

in 

in 

un 

u-V 

•n 

o 

UD 

cn 

p* 

VO 

ST 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

CM 

oD 

SJ 

in 

f<> 

CO 

r««. 

cO 

r*. 

o 

r- 

r-,. 

c 

ro 

Cr 

rj 

ro 

O 

rO 

P*- 

ro 

O 

ro 

p^ 

ro 

o 

o 

P- 

p«* 

p» 

O 

rO 

p* 

ro 

O 

P- 

O 

ro 

fO 

P* 

ro 

ro 

3 

O 

ro 

r.-. 

rO 

ro 

O 

o 

00 

CC 

vC 

r— 

VO 

CO 

r— 

VO 

n 

nC 

CO 

-n 

nv 

ro 

lA 

CC 

r~ 

«— 

OO 

CC 

VC 

c> 

ro 

CD 

SO 

r- 

in 

ro 

VO 

ro 

JV 

O 

o 

ro 

ro 

VO 

T) 

CC 

in 

uA 

"O 

VO 

rO 

ro 

nv 

in 

c 

o 

VC 

JUT 

VO 

CO 

cv 

CV 

o 

cv 

vO 

cn 

<\< 

■nC 

p«. 

O') 

r— 

CV 

CV 

ni 

''' 

in 

VC 

c- 

ro 

u'V 

cv 

ST 

p.^ 

CO 

VO 

w 

vO 

UD 

e? 

ro 

o 

in. 

-A 

Cm 

CM 

CD 

VO 

CO 

rO 

CM 

CM 

vO 

CO 

in 

r-T 

MO 

c 

00 

CM 

00 

o 

in 

CO 

ro 

os 

O 

VO 

CM 

?.«. 

\0 

MO 

VO 

VO 

SC 

3D 

ST 

4n 

*” 

O'. 

ro 

CM 

ro 

*“ 

Cv 

wA 

Cv 

U'V 

p* 

r- 

O 

P* 

CC 

p- 

CM 

ST 

sT 

CM 

CM 

r- 

o 

CV 

fs- 

00 

00 

CM 

VO 

00 

ro 

rv. 

CV 

ro 

rO 

ro 

(TV 

r— 

nv 

CM 

O 

o 

CDS 

CO 

P-. 

O 

sT 

CV 

lA 

ro 

VC 

c. 

CM 

ro 

CM 

CM 

CM 

jj. 

ro 

ro 

CO 

CO 

<o 

CO 

r' 

CO 

CM 

CM 

Cj 

CM 

CM 

ro 

ro 

ro 

in 

in 

in 

in 

nv 

ST 

ST 

- 

J” 

TT 

ST 

ro 

rO 

ro 

fO 

ro 

rO 

■=■ 

MA 

o 

VO 

VC 

p. 

P- 

P- 

P- 

P^ 

p_ 

P- 

A- 

in 

ON 

C> 

Ov 

C> 

O 

Cv 

CV 

— s 

CTv 

OV 

CV 

CV 

c> 

CV 

O' 

CV 

Cv 

cn 

O 

c^ 

Cv 

cv 

cv 

Cs 

Cv 

CV 

cv 

r> 

o 

CV 

CV 

Cv 

OV 

c 

OV 

CV 

CV 

n\ 

CV 

cn 

CA 

Cv 

CV 

CA 

CA 

O 

Cv 

CA 

C 

CA 

CA 

CS 

CA 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

C'w 

CM 

Tv. 

CM 

CM 

CM 

CM 

CM 

c>. 

CM 

CM 

CM 

CM 

CM 

CV 

cv 

CV 

CM 

CM 

CM 

CM 

CM 

Cs, 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

OC 

O' 

CM 

CO 

CM 

ro 

in 

vO 

CO 

CV 

CV 

rO 

wA 

vC 

*s» 

CC 

O 

<VJ 

ro 

CM 

ro 

MJ 

iTV 

vO 

P- 

CO 

Cv 

O 

rj 

ro 

M? 

iT 

sO 

P- 

CO 

CA 

CV 

-o 

o 

- 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

Cv 

o 

CM 

fO 

in 

vO 

oo 

CV 

c 

CV 

ro 

n 

vC' 

CO 

c^ 

w— 

OJ 

ro 

VC 

P^ 

CO 

O 

o 

CV 

ro 

ST 

lTV 

vO 

p«. 

Cv 

AJ 

ro 

la 

vO 

CD 

CA 

CM 

ro 

CM 

CM 

U 

CM 

CvJ 

“v 

Cv, 

CJ 

CM 

Cw 

O') 

ro 

ro 

ro 

f'T 

ro 

CO 

.-o 

fO 

~ 

sT 

TT 

-- 

ST 

ST 

in 

in 

nv 

in 

uv 

in 

nv 

uA 

-A 

vO 

vC 

sO 

vC 

O 

sD 

MD 

O 

vO 

P“ 

P-. 

P* 

P. 

CM 

fO 

jN 

vO 

r*' 

20 

CM 

'O 

in 

vO 

P*» 

CC 

CV 

^V 

n 

vO 

j- 

CM' 

ro 

JT 

MV 

O 

P-. 

or 

o 

CM 

ro 

ST 

n 

v.O 

"s^ 

CD 

CA 

CJ 

r'P 

-» 

lA 

n 

ro 

ro 

r^ 

-o 

-O 

r^ 

■d 

-3“ 

s* 

ST 

ST 

■N. 

n 

■n 

n 

JX 

n 

ns 

n. 

uV 

c. 

O 

sc 

O 

sC 

'O 

so 

vC 

vO 

nC 

r-- 

P- 

p.. 

p- 

r.- 

P- 

CD 

OD 

CC 

CD 

jD 

pD 

P»5 

ro 

ro 

f) 

C'-J 

fO 

r'T 

ro 

ro 

cO 

ro 

ro 

CO 

ro 

ro 

ro 

ro 

ro 

ro 

r- 

ro 

ro 

ro 

ro 

ro 

r-*; 

ro 

ro 

ro 

fO 

ro 

ro 

ro 

ro 

ro 

ro 

r^ 

ro 

ro 

ro 

rO 

ro 

.'O 

ro 

rO 

r-- 

rO 

f*”) 

ro 

fO 

ro 

ro 

i 

CO 

in 

■n 

CC 

CV 

c 

CM 

ro 

S3- 

n 

vC 

r-*. 

CC 

C- 

c 

— 

cv 

rr» 

n 

vO 

P- 

CO 

Cv 

:2' 

CM 

rO 

- 

_2 

VC 

CC 

O 

CM 

ro 

- 

JV 

'O 

CD 

Cs 

CM 

in 

r<^ 

ro 

c^ 

r  -• 

n 

ST 

n 

ST 

~ 

Jv 

n 

n 

n 

»r\ 

n. 

n 

.r- 

. "« 

\C 

MD 

MD 

\  “V 

sC 

vC 

VC 

vC 

O 

VO 

>- 

p- 

P- 

CD 

CD 

CD 

CC 

vO 

CD 

rO 

ro 

CO 

r-) 

r-' 

r<** 

'O 

f". 

ro 

:0 

m 

CO 

ro 

ro 

cO 

ro 

ro 

fO 

fO 

ro 

r-x 

ro 

f«^ 

ro 

ro 

r.-) 

ro 

r*) 

r' 

•o 

ro 

ro 

ro 

ro 

ro 

r') 

ro 

ro 

rO 

ro 

ro 

ro 

ro 

ro 

rO 

ro 

ro 

ro 

r«'' 

ro 

ro 

ro 

86 


onn 


HfvNO  H"DA  MIN  7LMP  SfMl  S1M2  DBS  HR  HRMO  HRDA  MIN  TEMP  STMl  STM2 


^CO<^crr^O^CO’-0'iriL'^CVJCJ:3-r^ONOO^»-ONOiAf\|f^OON«-ifN*— OCOC^J'ijlr^C\Ju'^POO^'00^*“'^OOOfOu'^J5•rOJ5“r04rC^JvC^O^ 
Of^cocur^»— LAror^a^for^c\,'rovoC'«r^^<^r^CMu-^vOr^-S’«^c3iACN:jNcocc^Ofoc\jf^r^vOJ’foOiAC'fo^ccc?^’or^ 
co<^‘Oo^^c^-:?(>coc^*“^c\JC^.  '~<>0‘^*"04rNPo^coir\coro'--c\jco>-coj'f*^’~foo»-’“r^'~focO‘^ONfo^ro(\j^<^co^LALr\ 
f^coc^oo^c^cor^c^c^oooc^.  00co<>o^^-“VOvou'^^lf^ln^o^-^'^-^^^^f^r^coooo^oocD^-voLf^J^J3■Jr^J■J3•J3•l^'. 

vocNjo^co<^oco^’-o\4j''-j‘\occsocrvO’— 


f^irNf’'^coc\jovocoo^'-^'or*-ovC-3‘LrvCsCNir\oDcooc\^vC)j’f^ur»c>^*-irsc*-^r^cDC\7— or'^j’ON'-CNiTNsooco^r^f^ro'O 
c«jco'-ovojc-.  c^J^^c^»“C^c^co»^ro'o•-tnco^vocooc5^ococ\J*“-d■co<\i»-Lr^ococ^OJOC\ioo^lAr^u'^cs^OL'^•-c\J*— cofoC'zro 
<^COJ^’-fOOOOOOfO*-rO(^'OO^^OCsllAl-'^\£50JCO^^OOlA^O^OOCOOL'^^^-OOCO»“lA^-'OCO^ro^>-OroCO'0^-COlA^Jru'^C^ 

OOfO00OC0*“-3’fO'O0NO^*-'O’O»“CvJf0?0<^r0r*~OOOfOfor*“#^Of^t0Of^<^'^r0r*-OOOfor^Ov0Ol^h-OOOO«^Or^ 

»”Oroa>rocC‘f^r^fOcOO'C»~fOCD»— OfOPOCOcOvOirM/SOcOCC*“fOOroc;CCO»^fOCO«“L'MAO'^Ou'^*”U'NVDvOOOLrNOcOu'>'- 

r^^ococ^^oc^oJC^coc^c^oc^c\J^^^lf^coo<^vo^^r^Oa^u■^c^cou^co^nou^oo<ooc^c\JC\JLr^co•”C\JC^^-••-■»“l^^lr^c\JLr^c:c^^■^ 

focoj'»“coococor-^for"Ofom^^ONOOMnfo-3'Jooh-foh“uAOOCMi^co»“ONr^o\oococo»-coc\jc\jpoiAO<^.3‘C\jocv]tr\ 


C^a^C^0^^-r^^roro^Jf^Jf--OOO»“■3*C0cfv0O♦“'*^*^«^■^^OO«0^•V0roC\^»-OC^00O^-^'»“'^^VilAC^O’~•C^JrO(\J0^vC^«r>C\J 

poroporoc^fnc^^o(^^^foroforoo^oforo^Jl^\l^\l^\lAt^\a^lAl^^-J■3‘■^r^■3■-d'•c^<^^ofOfOf<>z^.d‘^Al^\LAOvo^ovovOlAl^^u'^l^^L^^ 


OOOOOCOOOOOOOOCOOO^O^C\O^O^O^C^C^O^C^O'C^O^C^C^O^O^O^O^O^O^O^C^O^a^O^C^C^O^C^C^C^Q^C^C^C^O^C^ 

cOfO^oo■)rofOfO<OfOroro^^rofOfOfOr0C\JC«CMCviCUCMC^i(^JC^JCVJCVJCvJCMC\]C•JC^JC\J(\JC^iC\JC\/CV^C^’C^iC\JC^J0J0J0J<^JCUfVj^U<\JC\/C\/CJC■w 


lAO^^OO<>O^OJ^^O»“C^JfO-^u'^vO^-COC^O»-CJf*^-3'a^\0^-•CC'0\0*“C^.'roO»-“C^J^OJ■lr^vO^•COC^O’— 0Jf0J3'iAv0^C00'O*- 
*~r-'T-<\|C\;C\lC\i  f-«—  r-(\J(\iOjC\J  r-r-r-t-r-T-T-t—r-t—  CcCJ 


vc'^coc\o»”C\jfo.3-invor^cocNO*“fsj<^^ir»\or*-oooNO*-cjfoj':rN\or^coo\C'-ojf04a‘u^vo^-coo\0^f\jro^Lr‘.vo'^coC'.  o 

CNjCjv^jc\jcviCMC'jCMf^ic\iro<o<r><^<^rofo<^fOfOJT^zr^j'^^^zrzriAiALrN  in  lt,  iT,  L'>LrvLrNiA'0'<ovovovoO'0'0'OOr^ 


vor^cD:>0’-c^Jro^u'^'0^'COC^O'“<\J^■^■lAvor*•occ^o»-c^JcoJrL'^^o^•coc^O'-<^JrcJ■u^o*^c^a^O’~c^Jfo^L^'0^-“COO^o 

C'C>CNO\OOOOCOOOOO»~*-«-*-’“^»“«-*~«~CvJCMf\jCJCO<\l<\jCOC\IOJf^fOfOrOf'irororofOro:i'^-3’J3’-:?-^.:rJ’^-=riA 

l;^lAlAU^lAd^lAlAlAl^\U^lAlAL'^tAlAlAlAlAlAli^lALA'L^^Lf^L'^J^lAU'^lAu'^L^^u^l^\U^L^^U'^ 

or*^oo^O'“C^J^^^.f^\cr^ooa^o«“C^J^-:^u'^or^cDC'.  o»-^orcztLr^^c^-•ccc^o»-<VfOJ3■lAOf^coo^o»— c^JfOJ^’u^vr5^-ccc^o 

C'OOOOCCCOCCOCO^»“'”*“»“»“*“»“^»”C\JCs,'CMv\J(\iC\JC\jf\J<\iOJfOrOfOfOf»^fO'^r^roco^^^  — 

^  Jj  ^  lA  lA  lA  UA  If  \  -A  lA  ir\  u'^  lA  L'^  lA  lA  lA  lA  lA  tTv  ;f\  a^  lA  if\  iTN  U^  u'^  u'^  J^  lA  ^Tn  l^^  lTN  lA  lA  iTn  iTN  in  lA  U'^  in  lA  lA  L'^I 


5 


—  c-j  \o  A: 

'  vO  On  O  00  vO  O 

r- 

— 

o- 

0  vO  O'  •“  CM 

0 

CJ  A  O'  A  PO 

A  — 

- 

pO  a 

O'  O'  CM  CM  r" 

- 

A  A 

T- 

A 

--  A  CM 

r- 

Xvo 

J- 

0  X 

3 

VO  Oj 

■A  or 

<*o 

VO  O 

CC 

h' 

lA 

CD 

0 

fO 

« 

CM 

O' VO 

CM  O'  A 

A 

VO  O'  AvO 

CM  CM 

CO 

c 

^  0 

r-  ^ 

— 

CM 

0 

PO 

A. 

O' 

O' 

O' 

N." 

—4 

A 

A 

vT 

A 

A  C 

*“  Dg  A 

A 

p“ 

A  A  CO 

*•' 

0  fO 

cv  p-' 

VO  A 

CJ 

PC 

p... 

p*. 

CJ 

CM 

C.'  »- 

1 

rr  CO 

A 

O'  sO 

<\ 

A 

-C 

r' 

CD 

CD 

''  ^ 

A  —  CM 

A 

*'. 

A  r:\  "r 

kO. 

X 

A 

mo 

A  A 

A  X 

.r^ 

PO 

0 

. 

A  A 

A 

r:  CD 

cC 

A  C 

w 

0 

0 

A  ^ 

fO  fo 

PO 

C‘. 

^  A  A 

A 

A  A 

CD 

CD 

AC 

•  c 

r-'. 

c 

A 

Cm 

f—  r— 

*” 

n; 

rg 

<\1 

CM 

(M 

Cs. 

CM 

CM  CM 

CM  CM  CM 

CM 

CM 

CM  CM 

r- 

*- 

»-  CM 

IJ  Cv 

:\ 

CM 

CM 

CM 

CM 

— 

CM 

CM 

CM 

Cm  Cm 

CM 

CM 

— 

A  A 

<C 

r- 

o  — 

>• 

A  O' 

C\J 

A 

CD 

f'. 

CO  P*o 

CD  PO 

CD 

CC 

po  \0 

A  CM 

gn 

r' 

A  O' 

—  A 

CM 

O' 

•A 

.-o 

0 

A  A 

vO 

CyJ 

C 

O'  c 

O 

ro 

fO 

w 

PO  CD 

0  AvO 

A 

C 

A  vO  CM 

pP)  A 

Cm 

VO 

po  A 

A  O'. 

A 

A 

vO 

A 

CJ 

A 

3  X 

A 

0 

CM 

PPJ 

uC 

— 

A 

To 

r-O 

A 

A  rj 

c\j 

VO  fA 

fv 

A 

>. 

rO 

vO 

A 

0 

CM 

A  —  VO 

A 

X  A  p^ 

A 

A  vO 

Cv 

PO  •— 

A  CC 

CC 

A 

•0 

A 

OD 

X 

•.  n  A 

._ 

, 

P-. 

a' 

•"i,^  *■ 

U  ' 

w  '• 

-T  00 

O' 

VO 

Ov 

C, 

JZ" 

rO 

^  CM 

A  A 

MD 

•  -  A 

C.'. 

sD  C>, 

C7 , 

.7-- 

—  A 

C  C-. 

— 

A 

r- 

CM 

— ■ 

0-.. 

r-  • 

A 

■“  'CD 

CO 

CO 

<\ 

^  4r 

—  A  '•’O 

A. 

ST 

•fv  —  .*'• 

t-Z 

A 

A-  Cm 

r ' 

A 

An 

VC 

-«. 

pp- 

— 

"V 

O'  O' 

VO  O' 

VO  A 

vO 

OvO 

VO 

VO 

vO 

m: 

fs^ 

0- 

O' 

O'  r'. 

O'  O'  CO 

A 

O' 

T'-  O' 

O'  VO 

'O 

MD 

r"  0- 

P'  O' 

0- 

O' 

O' 

X 

X 

C'. 

X 

0- 

0^ 

0-. 

X 

vD 

vV 

C 

^  r--. 

m 

O 

rO 

fv.  c 

c- 

3. 

ro 

c 

rO 

PO 

''  -0 

Opo  A 

r.^ 

C 

''  r'- 

I'' 

P'-  O' 

r- 

PO 

T-  rp> 

P' 

pp* 

O' 

3 

(A 

^ , 

O 

•w  O 

w  nO 

fO 

”  A 

A 

A 

r-' 

A 

c. 

1*0 

X 

—  ro 

C  CD  A 

•nO 

_*> 

CD  p-  \0 

CD 

MD  *” 

VO 

CD 

VO  PO 

A 

CO 

0 

A, 

,v^ 

-p 

''n 

^  •“ 

A 

*'• 

CD 

•— 

CD 

O'  CD 

A  A  C 

0 

vV 

A  A  vO 

A 

—  A 

V  ■; 

\0  pp> 

O'  P^ 

■ 

.  - 

c. 

O' 

-N-S 

A  CD 

''' 

A 

A 

CO 

A  A  0 

A 

CO 

Csj  CM  MD  PO 

A  A 

A 

r*> 

X  p- 

PO  0 

X 

A 

CQ 

A. 

A 

Cs. 

A 

r—  P^ 

0 

X 

C-J 

3 

P>D 

X 

0 

^  Lf- 

A  O'  A 

c-  *0 

c 

A  CC 

vO 

A 

VO 

A 

ST 

m 

CM 

CM  CM  0  A  A 

CD  A  A 

PO 

C'J  'O 

A 

rP* 

r- 

_ 

-n' 

r"', 

X  O' 

p' 

►«» 

—  — 

A 

ro 

rC 

m 

rn 

rr 

rO  rO  p*D  Cw  Cj 

eg 

CM  CM  CM  fO  r*o 

po  PO  ro 

PD 

PO  PO 

PO  pp> 

r*' 

po 

ppr 

CM  Cm  cm 

Cm 

CM 

.•M  Cm 

CJ 

CM 

pO 

pp>  r-D 

ro 

pp. 

PO 

A  A 

A  A 

A 

A  A 

A 

A  A 

A 

A 

A  A 

A 

A 

A 

A  AAAAAAAAA 

A  A 

<7\ 

A 

A  A 

A  A 

A  A 

--v 

_ 

«. 

-'N 

tj 

•  sj  l  V* 

Cs  CJ 

rj 

Csj 

nj  rvj 

rg 

Dj 

(M 

CM  Cm  r>  CM  Cv  Cs: 

CM  CM  CM  C'.j 

CM  CM  Cm  CM 

Cm 

CM  Cv. 

CM  Cn* 

CM 

rv; 

CM 

.'7  rO 

rO 

r-D 

PI  pp) 

pp) 

PO 

PO 

PO 

PT 

PO 

8 

0 

A  — 

(\: 

r*'  ^ 

A  O' 

CC 

A 

- 

C  ’ 

rn 

3 

—  Ojr'O^AvCO'COAO 

CM  P^ 

Av 

\0 

.-'v 

•— 

CM 

— s 

CM 

rj 

r„ 

»—  T— 

r- 

CM 

Cm 

— 

c-  - 

—  r.' 

A  A. 

CC 

A 

- 

CM 

— 

A 

VC  *'• 

AAA 

CM 

•'O  St  A. 

A 

O'  CD  A 

-T' 

■  -1 

PN- 

A 

CM 

PO 

A'. 

vO  O' 

X 

Pv  1 

A 

A 

A 

J 

A 

A  A 

^r*  sT  ljo 

A 

A  A  A. 

A 

A  A 

A 

•.-*>  -  '. 

0  0 

S.D 

V~ 

’ 

r-  *— 

0—  .— 

»“ 

^ 

^ 

•— 

t—  ^ 

r- 

•— 

^  r- 

f—  r- 

r— 

cO  to  *-  r.’ 

<  :fj  --r  :* 

ir>  o  ^  ^ 


A  c  ■  ~  X  r'  c  »-  rvj  ^  A,  \C  CO  O'  C  •“  A’  lA  vr  r*-  CO  <?>  O  •“  f \3  A.  -o  CO  tr  •-  Al  ro  iA  \0  CC  r*  — •  'A'  fO  -* 

-f  --  -f  --r  A  A  A  A.  A  A  A  A  A  O  O  VA  O  J  O  O  O  O-  ^  -  O'  CC  CC  A  CO  CO  CO  C:  X  CO  A  C  A  O.  A  C' 

^  ^  ^  or  - - -  -  - 


S7 


0B3  HR  HRMO  HRDA  MIN  TEMP  STM1  STM2  OBS  HR  HRMO  HRDA  MIN  TEMP  STM1  STM2 


'O^fOfOro0N'OtrNe00N0JOO'0C'fOiA’-"fov0*~0C-:j'C000r^v0irMrviAv0<^c0fov0v0r^»“00r^C'r-‘O 


Cscrvocvjr^c\]r^fmr\cDC4Cs^^ONOr--»-po\ojTOJ3'fvj;3'iA4?“  odcnvo  focviovo^com^co^j-or^r^ 
croja\u'>'-^r^c\CMONCJcor*-foo»^ocJf\ic>»~ro\ococooN^Cvof^cof\JC4ooof»'-r^f^^J‘fOL'^CN 
CO*“’-^ONVCCNfOr-O^CN<^C\JOOja\CCsOOvOirvCOu'NvOvOf*^ir\^^'OCUOOrOroroJ3TO(\'OOT- 
J'^p^OONCNCNOCJC40J»-cvJC\JOJC\j»-r-T--r-T-f— r-roro(\j*-OSONONO*~'-*”*~'“’-»”»“*-’~*“^ 


Of^fOiACVJC\j\Ovor-Or^OOOfOir>^Or^r^^^C4VO-:5'iA^CCOf^cOC\JifiAO?0>OroroC\l*-OvoaN 

'0’~CNL'^c3‘roOu'>r-“OsO’~r^vOir»Csjr**sOOMAOJOvOrOCOrocOOC\jON»“f^f^‘^cOOOvO^'-:3‘fOONON 


ooJ^vr)^Ol^^r-voc^JO^o^o^»~^oocovopo^^o^■3“^fo^-c^o^u'^(^Jvoa^f^l^^corocvoT-c\Jfof^J»“lf^ 

CJCOOJ■^-C^,'»-'C^JOCOO»-'lACVJL'^ir^^^\vOOf^^OvOu'^OC^JC^»-00*“Oi^^COO^rocOO^C'^’-C^T“ 

r-r-pocovoc4CN’-aNLnr^CNOOvo'0‘^iAco*-^-<ocDONCDOf^'*0'0^of^»“f^«“»-iA>‘f^r-iAh-c:5r^»— 

-^rocfr0rojc0-3’f0ro<*0f0f0<0ror0f0r0^f0r0r0f0f0^r0f0focoro^roj'^r0cnf0r0rocof0f0^ 

r0f0O<^r^OOOf0O^**r0O^0r0Or^P0f0f0Or^O<^<^Oh^Or0OO^^Of^'’0\0Of^(^f0f^f^O 

OOCOOcO'Ou'^LrMACOO*“000»-CCi^^vOOOfOroOOU^f^COlA*“lr^COtAOCOlAfOCO»“lr^OCO£^f•)'~lf^ 

oooLr^vo^\iCM^-ooc^L'^o^u^f^JT-J^cocolr^vo^-coo^-*J•c\JO^•l^\o^•f^tr^c^(\JvoL'^poroa^^- 

vOOO^o004iAC\JCOC^r^^OCOCMO^^-0^-cr<^JC^^O<^vOC^Jlr\O^Ov^O^-:r^vOOO*-l-'^O^C^J*^C^JvO 


VOvOO:AaN«-»~OOOONOvcOO\COCOCOsnmL^^iAC‘»-C\00«~^COfO<\JCM-:J-^^C\!»-ONCOO 

ifMr\v0\0'OP^r^r^v0^v0v0^v0’Ov0v0\0'Ov0v0'0v0iAiAv0v0v0r^f^f^f^r^h-r-‘r^v0'Ov0'Ov0v0v0 


o^o^o^c^o^c^o^o^o^o^o^o^c^o^c^o^o\o^o^o^c^o^c^o^o^c^o^o^o^c^o^o^o^o\o^c^c^c7^o^c^c^c^o^ 

(\j04C\j(\JC\JO4C\JC4CM<\ICVJOJC\JCVJ04C4<\JC0C\JC>iOJ04CVJCUC\lC^C4O4C\jC\J(\JC\jCVjC\J0UC\JC\JCMCdC\)CMC\.C\l 


in\or-*coasO’^C4ro;:tiAvor^cooNO»-f\jf^o»-OJfo:3'trs\or*^ooo\0’~f\jfo^iA'or^coo\c«-c'jfo 

r-T—  ^r-T-»—  r-f-f-*“<\J04CNJCJ  *—  t—  r-r-r-r-CvlOUCNJCM 


vo^-coc\o*“CJfo^tf\\or^oooo’ 

CMC\iC4C\J<^fOfOrOPOrOrOfOfOrOj. 


•<M<^-3‘LrNvOr-oOCNO»“<\lf0.r1*iAvOr-COCNO»“f\Jf0^ir\vOP^CO 

'^^^^jj-3’^jiAL'MA4r\irMr\u'MrMrsirNvovovL>\D'Ovoo'‘0'0 


\or^ooa'0*“f\J<^criA\or^cooNO«“<\jfo-3'ir>'Of^cDCNO»“OjfoJ3*iAor*>-coo\o«“C\jfOJ3-iAO^-co 
0000^^»^^*"*“'”^^»“C4CMC\Jf\JC\jOsJC\jr>JC4  0JfOi*OfO<^'>rorOf^rOfOfOJ3’-3'J‘^^^“^:T 
vO'OvOvO'O'OvDvOvovOsOvOvO'OvO'O'OvOvOvO'OvO'OvOvOvO'O'OvC'OvOvO'O'OvOvOOvDvOvOOO'O 

'or^cooso  —  ojfo^Lr\or^cooNO«-04ro^L'^vor^c?oo»“C\jf^j3'iAvor-»cooo»— ojfoj-iAOP^co 

—  r40JCMC\jC\i(\;C\JC40JC\JfOrOfOfOrOfOf’')fOfO<^jy^JTJ'.3‘^4r^O* 

vOVOvOvO'OvOOVO’O'OvOvO'^'O'O’OsOvO'O'O'O^'-OO'OvO'OsCvOvOvOvO'O'O'OOOOvOvO'OOvO 


^0^0^-oOlf^^Of*^OO^OO^ro<^JO^^O’“'OOfOOC^<^i^‘>^COO^'O^Ja^vOCOCOlA'OCO'-*COlf^CO^^OO^cO^O^COOOO^^^^fO'OP^ 

0^^f\J^O’“PO\OCO^^^^r^'OOOOCV;oO«^l^vC^<oo^<^J»-lr'^^J^^\C^^-<>L'^CCl^^-3'lnrocor^J’fOr^Cr^^^C^!OC^OC'■:^OfOvCCO 
^-^-\co^OJ^ir^c^JLr^oo^-^«•r^voo<^JvccJ’L'^c^r^’“^'Cvo^f^JCJvoog  —  '0'oc^coc'•«“c^4^c^^c^0u'^c^-fo<^^4rc^v0lnoc■ 
l^\o^o'^c^a^c^Jlr^a^'-'Ooo^oc^c:u■^lr^f^^'^•-ocvou^4^•~r^ooc^v<c^-u'^»-'0<^’“OC^c^oC'-oc\/vOL'^c^Jf^^-o^o 


o^•-l^vcMr-^oOLnmcoco«^»-»-OJ^-oo<^^-^o^-c^^-3•*noc^com'0^oc^^^OJ''-f^cocr•c^pocccofo»“CC'-cco^o^^.'■^  r- 


—  fOCv’^CV'CC^'^ONO’-aDNO’—  —  O^^'~^OO^C'-^-^0<\^^^^C0l^^'OC\;^^00C0C^^*“C^if\J^-w'^O^0O'OC0J^■<^Jc0 
<^JL^^oo^<^JJ■cMOc^’^«^^^L^^rou'^cc^oc^^'^ooc^’-vOu'^^-c'.  <>•— '^^-•c:f^c\cr^c>oa'’- cr^r'C\j^cO'-ir\o(>T-coj’rv;o 
^f-voo^c\)L'^*“OM/>-*rir>'-oc'. OfoocNj:::>coao»-r^CNr'. T-cMO'Oor^irNogjS'c  •^ojCNOCNOf^crosD*— ^cnC'4CC'C\.’oj 


PO 

o 

o 

r- 

r*- 

o 

ro 

ro 

ro 

o 

ro 

ro 

ro 

r- 

r«- 

p>~ 

o 

oc 

Jn 

PO 

o 

in 

VO 

in 

ro 

CD 

ro 

o 

O 

ro 

CO 

vO 

un 

c 

C4 

CO 

in 

CM 

ON 

VO 

rO 

jr\ 

CO 

in. 

o 

in 

CO 

Ln 

'0 

n- 

Ov 

fO 

CD 

zr 

vO 

oc 

VO 

CM 

.t 

in 

J\ 

O 

2 

o 

o 

vC 

n- 

o 

ro 

CV 

zT 

o 

(Dv 

o 

Q 

On 

CO 

p«- 

CO 

VO 

ro 

VO 

o 

CO 

C7N 

O' 

<> 

■DN 

OD 

\0 

in 

ifN 

.3- 

in 

un 

zf 

zf 

zr 

in 

in 

VO 

VO 

VO 

vr 

vO 

VO 

vD 

VC 

VO 

VO 

ON 

ON 

(Ov 

Ov 

ON 

o 

o 

O' 

ON 

ON 

cn 

ON 

C7N 

c> 

CTN 

CDN 

Q\ 

O 

ON 

cn 

ON 

CM 

CM 

CM 

CM 

CM 

CM 

rj 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

04 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

ro 

c 

r- 

CM 

rO 

in 

VO 

00 

ON 

O 

CM 

ro 

Zf 

in 

VO 

CC 

CM 

CM 

r— 

CM 

ro 

un 

CO 

O 

C 

CM 

rO 

zj- 

in 

vO 

r- 

<c 

O' 

r«- 

r*- 

n- 

CO 

CO 

CO 

«■ 

CO 

CD 

CO 

CO 

<0 

CO 

ON 

ON 

r- 

CM 

ro 

lA 

vO 

CO 

ON 

•— 

(M 

ro 

ZT 

un 

vO 

CC 

O' 

•A 

*“ 

in 

in 

un 

^n 

un 

un 

un 

uo 

un 

vO 

VC 

O 

V-D 

m: 

O 

'C 

■>0 

'C 

r- 

in 

‘C'- 

un 

in 

-A 

lA 

in 

un 

in 

in 

un 

in 

un 

lA 

un 

un 

uA 

m 

uA 

un 

lA 

r- 

CM 

r^ 

'A 

VO 

»«-. 

CO 

cn 

o 

,- 

CM 

rO 

uA 

•-C 

•u. 

CO 

O' 

o 

,- 

L.  « 

uv 

_n 

-A 

in 

in 

un 

s.'V. 

vC 

o 

o 

vO 

vC 

A 

'■C 

v."' 

uD 

uD 

in 

un 

lA 

lA 

n, 

s\ 

in 

in 

Z'V 

un 

j'. 

un 

uA 

in 

u*'. 

\J'' 

un 

un 

un 

u''* 

uA 

—  r**or^fOO 

C  O  -■  iA  C  O  cc  O  u'^  cc  CO  to  oc  VC  VC  CD  cc  C  iTr  O  oc  O  <0  C  vO  O  »-  CC 

o  iT'  C'  oj  c*  o  c  v-)  cvj  o  c:  cc  CD  o  VO  c?  lA  c  cc  r-  o  iTv  r  c-  vc  -d’  u‘ 

vrvCvCvC'C'OcDCDOvr^iTx  —  vCvO•0'u’^COJI'-cC^^fOC\i»-OC^C^’“OgCC»-■C■^i-'^ 


'“CD•C4^^mOQC^cococco^^l^^cDO»“»--fvJC\.c\iOco^^f^•”C\JOco^^l^^L'^ 
vo^.A«'>u'>j^.  lr^:T^^cTlAlr^vovcor'-r^^“>-^'^-^-voovo’OvoOlAlrM^\L'^ 


o 

ON 

o 

O'- 

ON 

(A 

O'. 

ON 

ON 

ON 

C\ 

ON 

On 

On 

ON 

On 

ON 

O' 

On 

(DN 

ON 

On 

On 

CDn 

ON 

ON 

ON 

Ov 

O 

o 

ON 

CA 

CM 

C4 

eg 

CM 

C“g 

» u 

CM 

CM 

CM 

CM 

eg 

CM 

CM 

CM 

CM 

eg 

CM 

CM 

CM 

CM 

ej 

CM 

CM 

eg 

eg 

CM 

CM 

CM 

eg 

CM 

ej 

Cv. 

CM 

CM 

cn 

CM 

ro 

CM 

ro 

Zf 

m 

vO 

CCi 

(?\ 

c 

.nj 

ro 

un 

VO 

r- 

CO 

(O 

fu 

ro 

O 

eg 

ro 

zr 

eg 

eg 

eg 

rg 

*“ 

*“ 

CM 

CM 

CM 

CM 

ro 

jn 

VO 

rK. 

CD 

ON 

O 

r<- 

CM 

rO 

zr 

lA 

vO 

CD 

On 

eg 

ro 

:r 

lA. 

VO 

n- 

CO 

On 

O 

CM 

ro 

zr 

lA 

ON 

Ov 

O' 

<Dv 

ON 

Ov 

ON 

O'- 

o 

•o 

o 

'O 

c 

O 

C- 

o 

CO 

o 

*“ 

*— 

»— 

»— 

»— 

•— 

»— 

<M 

CM 

eg 

CM 

CM 

r- 

» — 

»— 

r- 

r— 

r- 

T— 

r— 

n — 

•— 

r— 

**“ 

r— 

CM 

lA 

NO 

*- 

CC 

On 

'3' 

CV 

r*'i 

un 

VO 

CD 

O' 

c 

CM 

ro 

sT 

iT. 

vO 

CD 

O' 

o 

r- 

eg 

zr 

A 

'  - 

?~- 

vC 

CD 

CD 

CD 

CD 

CD 

CC 

X' 

CC 

o 

o 

O' 

O' 

C' 

C'- 

O' 

O' 

CN 

c 

o 

O 

c 

c 

O 

lA 

lA 

uA 

un 

ON 

un 

ON 

un 

un 

lA 

un 

un 

un 

-n 

un 

un 

un 

un 

-n 

uA 

un 

un 

in 

uA 

in 

A 

uA 

uA 

VO 

A 

A 

A 

A 

A 

eg 

rO 

un 

o 

CD 

ON 

CM 

ro 

un 

•n 

CO 

O' 

- 

— 

CN.J 

- 

UN 

'C 

CC 

O 

CM 

ro 

A 

h*. 

•«.» 

*— 

"O 

tiD 

CD 

CD 

CD 

rD 

uD 

CD 

CD 

CD 

O- 

O' 

On 

O' 

(A 

On 

C' 

•O'. 

ON 

C 

c 

DD 

c 

o 

O 

ON 

O'. 

.A 

un 

uA 

iT' 

-n 

un 

-n 

-.n 

u''^ 

-n 

un 

wn 

-A 

-'k 

on 

in 

un 

un 

un 

un 

un 

•jn 

lA. 

U  ' 

uA 

vj 

O 

■A 

A 

A 

A 

88 


55.4230  4245.25  14900 


APPENDIX  C:  Sample  Forecast  Pro  Output  for  Beta  Line,  March  1989 


FORECAST  PRO  Veralon  l.iaFrl  Nov  30  1S:3S:00  1990 


Expect  data  exploration  oC  dependent  vaclable  FCS0389 

BASIC  STATISTICS 

Number  of  obaecvatlons :  468 

Standard  deviation;  4227.444463 

Minimum:  12380.490234  Maximum:  33036.289063 

Trend-cycle  85.15%  Seasonal  1.14%  Irregular  13.72% 

BASIC  PROPERTIES 

A  power  transformation  may  help  -  try  the  logarithm. 
Correlational  structure  is  strong. 

Secies  is  stationary. 

Strong  explanatory  variables: 

FCH0389 


Data  appear  to  be  homogeneous . 
RECOMMENDED  METHOD;  DYNAMIC  REGRESSION. 


Historical  fit  of  dynamic  regression  model 

Dependent  variable:  FCS0389 

R-square:  0.744 

Adjusted  R-square:  0.743 

Standard  forecast  error:  2143.137379 

F  statistic:  677.483  (1.000) 

Durbin-Watson :  0.432 
Ljung-Box:  1416.629  (1.000) 

Standardized  AIC:  2147.711795 
Standardized  BIC:  2166.834274  **  BEST 


Variable 

Coefficient 

Standard  error  T-stat 

Prob 

FCH0389 

292.955882 

7.958627  36,810 

1.000 

_CONST 

11369.638201 

280.001173  40.606 

1.000 

Model  dynamics 

diagnostics 

AUTOt-1]  error 

term 

Chlsq(l)-285.473 

P-1.000 

AUTO(-2)  error 

term 

Chlsq(l)-200.847 

P-1.000 

AUTO(-3]  error 

term 

Chiaq(l)-167.695 

P-l.OOO 

AUTO (-4)  error 

term 

Chisq(l)-141 .488 

P-1.000 

AUTO(-5j  error 

term 

Chisq(l)-111.597 

P-1.000 

AUTO[-6i  error 

term 

Chlsq(l)-102.167 

P-1.000 

AUTO r -7]  error 

term 

Chlsq(l)-99.081 

P-1.000 

AUTO(-81  error 

term 

Chiaq(l)-77.779 

P-1.000 

AUTO{-9)  error 

term 

Chisq(l)>S6.42e 

P-1.000 

AUTO (-101  error 

term 

Chlsq(l)-50.027 

P-1.000 

AUTO(-H)  error 

’  term 

Chisq(l)-58.578 

P-1.000 

AUT0(-I2i  error 

term 

Chi3q(l>-4$.814 

P-1.000 

AUTO{-24]  error 

term 

Chisq(l)-1.B20 

P-0.823 

FCS0389(-11 

Chisq(l)-253.112 

P-1.000 

FCS0389I-2] 

Chi3q(l)-155.050 

P-1.000 

FCS0389(-31 

Chisq(l)-114.559 

P-1.000 

FCS0389 (-4] 

Chi3q(l)-91.590 

P-1.000 

FCS0389(-51 

Chisq(l)-66.486 

P-1.000 

FCS0389(-6) 

Chl3q(l)-58.574 

P-1.000 

FCS0389(-7] 

Chisq(l)-64.964 

P-1.000 

FCS0389(-8) 

Chisq(l)-55.834 

P-1.000 

FCS0389(-9) 

Chi3q(l)-46.279 

P-1.000 

FCS0399(-101 

Chisq<l)-45.999 

P-1.000 

FCS0389f-llI 

Chlsqdl-SO.l'^l 

P-1.000 

FCS0389(-12J 

Chisq(l)-41.620 

P-1.000 

FCS0389[-24) 

Chisq(l)-31.213 

P-1.000 

Try  adding  _AUTO(-lJ  to  model. 

Historical  fit  of  dynamic  regression  model 

Dependent  variable:  FCS0389 

R-squace:  0.902 

Adjusted  R-squace:  0.902 

Standard  forecast  error:  1325.836071 

F  statistic:  1431.116  (1.000) 

Durbin-Watson:  2.176 

Ljung-Box:  49.193  (l.OOO) 
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standard! z«d  AIC:  1330.087710 
Standacdliad  BIC:  1347.920287  ••  BEST 


Variabl*  Coefficient 

Standard  error  T-stat 

Prob 

FCH0389  272.287933 

15.727800  17.313 

1.000 

CONST  12066.143483 

591.419392  20.402 

1.000 

AUTO(-ll  0.787552 

0.028597  27.540 

1.000 

Model  dynamics  diagnostics 

AUTO(-2]  error  term 

Chisq(l)-3.993 

P-0.986  • 

AUTo[-3j  error  term 

Chisq(l)>15.729 

P-1.000  •* 

AUTO(-4j  error  term 

Chiaq(l)>13.282 

P-1.000  •* 

AUTO(-51  error  term 

Chlaq(l)-5.847 

P-0.984  * 

AUTOt'Sj  error  term 

Chisq(l)-11.657 

P-0.999  •* 

AOToi-7]  error  term 

Chlsq(l)-14.668 

P-1.000  •• 

AUTO (-81  error  term 

Cliiaq(l)-4.251 

P-0.961  • 

AUTO(-9i  error  term 

Chiaq(l)-1.613 

P-0.796 

AUTOC-10)  error  term 

Chlaq(l)-5.171 

P-0.977  • 

AUTO C -11]  error  term 

Chisq(l)-13.476 

P-1.000  ** 

AUTO|-12i  error  term 

Chiaq(l)-1.958 

P-0.838 

AUTO (-2 4]  error  term 

Chlsq(l)-3.670 

P-0.945 

FCS0389(-1) 

Chisq(l)-1.497 

P-0.779 

FCS03a9[-2] 

C)iiaq(l)-0.412 

P-0.479 

FCS0389(-3J 

Chiaq(l)-1.067 

P-0.698 

FCS0389(-41 

Chisq(l)-9.018 

P-0.997  *• 

FCS0389(-5) 

Chiaq(l)-0.016 

P-0.102 

rCS03a9[-61 

Chiaq(l)-0.776 

P-0.622 

FCS0389(-71 

Chiaq(l)-19.344 

P-1.000  ** 

FCS0389(-81 

Chlsq(l)-4.007 

P-0.957  • 

FCS0389(-9] 

Chiaq(l)-0.1S7 

P-0.308 

FCS0389(-10] 

Chisq(l)-0.436 

P-0.491 

FCS0389(-11] 

Chlsq(l)>19.156 

P-1.000  •* 

FCS0389(-12) 

Chlaq(l)-0.197 

P-0.343 

FCS0389I-24] 

C>ilsq(l)-5.064 

P-0.976  * 

Try  adding  FCS0389(-7]  to  model. 

Historical  fit  of  dynamic  regression  model 

Dependent  variable:  FCS0389 

R-square:  0.907 

Adjusted  R-square:  0.906 

Standard  forecast  error;  1303 
F  statistic:  1115.002  (1.000) 
Durbin-Watson :  2.117 

Ljung-Box:  33.542  (0.999) 
Standardized  AIC:  1309.610451 

953646 

Standardized  BIC:  1333.346012 

*•  BEST 

Variable  Coefficient 

Standard  erio'-  T-stat 

Prob 

FCH0389  264.054840 

14.702335  17.960 

1.000 

CONST  8885.152962 

842.000116  10.552 

1.000 

FCS0389(-7J  0.166055 

0.035438  4.686 

1.000 

AUTO(-l]  0.750437 

0.030886  24.297 

1.000 

Model  dynamics  diagnostics 

AUTO (-2)  error  term 

Chisq(l)-2.903 

P-0.912 

AUTO(-3j  error  term 

Chlsq(l)-6.162 

P-0.987  • 

AUTO[-4i  error  term 

Chisq(l)-4.726 

P-0.970  • 

AUTO[-S1  error  term 

Chiaq(l)-1.443 

P-0.770 

AUTO(-6j  error  term 

Chisq(l)-3.425 

Chisq(l)-4.531 

P-0.936 

AUTO [-7]  error  term 

P-0.967  • 

AUTO(-8)  error  term 

Chisq(l)-5.e28 

P-0.984  » 

AUTO(-9)  error  term 

Chisq(l)-3.134 

P-0.923 

AUTO{-101  error  term 

Chisq(l)-8.601 

P-0.997  •• 

AUTO (-11)  error  term 

Chisq(l)>18.892 

P-1.000  •* 

AUTO(-12j  error  term 

Chlsq(l)-5.671 

P-0.983  • 

AUTO(-24j  error' term 

Chisq(l)-13.650 

P-1.000  •* 

FCS0389[-11 

Chi3q(l)-0.879 

P-0.652 

FCS0389(-2) 

Chisq(l)-0.131 

P-0.283 

FCS0389(-3) 

Chisq(l) >0.073 

P-0.212 

FCS0389(-4) 

Chisq(l)-5.434 

P-0.980  • 

FCS0389(-5) 

Chlsq(l)-0.478 

P-0.511 

FCS0389(-S] 

Chlsq(l)>2.882 

P-0.910 

FCS0389(-8] 

Chisq(l)-1.750 

P-0.814 

FCS0389(-9] 

Chisq(l)-1.540 

P-0.785 
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cC30389(-10) 

Chisq(l) -1.027 

P-0.689 

fCS0389(-ll) 

C):lsq(l)-12.475 

P-1.000  •• 

tCS0389(-12) 

Chisq(l)-1.746 

P-0.814 

FCS0389(  21) 

Chlsq(l>-14.237 

P-1.000  •* 

Try  adding  _AUTO(-ll)  to  model. 

Model  dynamics  diagnostics 

AUTOl-2)  error  term 

Chlsq(l)-2.903 

P-0.912 

AUTO (-3)  error  term 

Chiaq(l)-6.162 

P-0.987  • 

AUTO(-4i  error  term 

Chisq{l)-4.726 

P-0.970  • 

AUTO(-5J  error  term 

Chi3q(l)-1.443 

P-0.770 

AUTO (-6)  error  term 

Chisq(l)-3.42S 

P-0.936 

AUTO(-7i  error  term 

Chiaq(l)-4.531 

P-0.967  • 

AUTO(-8j  error  term 

Chisq(l)-5.828 

P-0.984  * 

AUTO(-9i  error  term 

Chlsq(l)-3.134 

P-0.923 

AUTO(-IO)  error  term 

C)iiaq(l)-8.601 

P-0.997  •• 

AUTO [-11)  error  term 

Chlsq(l)-lS.892 

P-1.000  •• 

AUTol-12]  error  term 

Chisq(l)-S.671 

P-0.983  * 

AUTO(-24)  error  term 

Chlsq(l)-13.6S0 

P-1.000  ** 

FCS0389(-1) 

Chisq(l)-0.879 

P-0.652 

FCS0389(-2) 

Chisq(l)-0.131 

P-0.283 

FCS0389[-3) 

Chlsq(l)-0.073 

P-0.212 

FCS0389{-4) 

Chisq(l)-S.434 

P-0.980  • 

FCS0389[-5) 

Chiaq(l)-0.478 

P-0.511 

FCS0389[-6) 

Chisq(l)-2.882 

P-0.910 

FCS0389[-8) 

Chisq(l)-1.750 

P-0.814 

FCS0389(-9) 

Chisq(l)-1.540 

P-0.785 

FCS0389t-l0) 

Chisq(l)-1.027 

P-0.689 

FCS0389{-11) 

Chisq(l)-12.475 

P-1.000  *• 

FCS0389(-12) 

Chlsq(l)-1.746 

P-0. 814 

FCS0389(-24) 

Chisq(l)-14.237 

P-1.000  *• 

Tcy  addin9  _AU'rO(-ll.l  to  model. 


Historical  fit  of  dynamic  regression  model 

Dependent  variable:  FCSQISS 

R-square:  0.916 

Adjusted  R'Square:  0.91S 

Standard  forecast  error:  124S. 347190 

F  statistic:  970. S61  (1.000) 

Durbin-Watson :  2.119 
Ljung-Box:  15.033  (0.760) 

Standardized  AIC:  1252.246100 
Standardized  BIC:  1281.162633  **  BEST 


Variable 

Coefficient 

Standard  error  T-stat 

Prob 

FCH0389 

277.782346 

13.452923  20.648 

1.000 

CONST 

8832.197930 

830.127799  10.640 

1.000 

FCS0389[-7) 

0.134648 

0.033271  4.047 

1.000 

AOTO[-1) 

0.677659 

0.032754  20.689 

1.000 

_AUTO (-11) 

0.144157 

0.032090  4.492 

1.000 

Model  dynamics 
AUTO (-2)  error 

diagnostics 

term 

Chisq(l)-3.319 

P-0.932 

AUTO[-3)  error 

term 

Chisq(l)-6.972 

Chi3q(l)-5.360 

P-0.992  •* 

AUTO(-4)  error 

term 

P-0.979  * 

AUTO(-5i  error 

term 

Chisq(l)-1.109 

P-0.708 

AUTO(-61  error 

term 

Chlsq(l)-2.665 

P-0.897 

AUTO (-7)  error 

term 

Chisq(l)-2.789 

P-0.905 

AUTO(-8)  error 

term 

Chisq(l)-2.150 

P-0.857 

AUTO{-91  error 

term 

Chisq(l)-0.011 

P-0.082 

AUTO(-IO)  error 

■  term 

Chisqdl-O.OOO 

P-0.015 

AUTO(-12J  error 

term 

Chisq(l)-2.962 

Chisq(l)-6.889 

P-0.915 

AUTO(-24)  error 

term 

P-0.991  ** 

FCS0389(-1) 

Chlsq(l)-0.389 

P-0.467 

FCS0389(-2) 

Chisq(l)-0.622 

P-0.570 

FCS0389(-31 

Chisq(l)-1.519 

P-0.782 

FCS0389(-4) 

Chisq(l)-4.762 

P-0.971  • 

FCS0389(-5) 

Chlsq(l)-2.910 

P-0.912 

FCS0389(-61 

Chlsq(l)-7.117 

P-0.992  •» 

FCS0389(-81 

Chisq(l)-2.510 

P-0.887 

FCS0399(-9) 

Chi3q(l)-5.681 

P-0.983  • 

FCS0389(-101 

Chi3q(l)-3.932 

P-0.953  * 

FCS0389(-11) 

Chi3q(l)-4.767 

P-0.971  * 
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FCS0389(-12]  Chl3q(l)“8.253  P“0.996 

rCS0389i-24j  Chiaq(l)“6.371  P-0.988  * 

Tty  adding  FCS0389(-121  to  model. 

Histoclcal  fit  of  dynamic  regreaaion  model 

Dependent  variable:  FCS0389 

R-squate:  0.917 

Adjusted  R-squate:  0.916 

Standard  forecast  error:  1233.196320 

F  statistic:  810.440  (1.000) 

Durbin-Watson :  2.060 
Ljung-Box:  10.582  (0.435) 

Standardized  AIC:  1241.481152 
Standardized  BIC:  1276.258322  **  BEST 


Variable 

Coefficient 

Standard  error 

T-stat 

Prob 

FCH0389 

280.899719 

12.537409 

22.405 

1.000 

CONST 

9777.794400 

969.716349 

10.083 

1.000 

FCS0389{-7) 

0.125041 

0.032521 

3.845 

1.000 

FCS0389(-12J 

-0.047088 

0.033514 

-1.405 

0.840  <- 

AUTO [ - 1 ) 

0.632723 

0.034726 

18.220 

1.000 

AUT0[-11J 

0.184922 

0.034005 

5.438 

1.000 

Eliminate  marked  nonsignificant  variable. 


Model  dynamics  diagnostics 
AUTO(-2)  error  term 

Chlsq(l)-1.32S 

P-0.751 

AUTO(-3i  error  term 

Chiaq(l)-3.902 

P-0.952 

* 

AUTO(-41  error  term 

Chl3q(l)-2.592 

P-0.893 

AUTO(-5)  error  term 

Chiaq(l)-0.105 

P-0.254 

AUTOi-6)  error  term 

Chlsq(l)-0.855 

P-0.645 

AUTOt-?)  error  term 

Chl3q(l)-0.884 

P-0.653 

AUTO(-8)  error  term 

Chi3q(l)-0.829 

P-0.637 

AUTO(-9)  error  term 

Chi3q(l)-0.170 

P-0.320 

AUTO(-IO)  error  term 

Chi3q(l)-0.042 

P-0.162 

AUTO(-l2)  error  term 

Chi3q(l)-0.327 

P-0.433 

AUToi-24)  error  term 

Chlsq(l)-1.887 

P-0.830 

FC30389(-1) 

Chisq(l)-0.012 

P-0.087 

FCS0389(-21 

Chisqll)-0.060 

P-0.194 

FCS0389(-31 

Chi3q(l)-0.090 

P-0.236 

FCS0389(-4) 

Chlsq(l)-3.079 

P-0.921 

FCS0389(-5) 

Chisq(l)-1.145 

P-0.715 

FCS0389(-6) 

Chi3q(l)-5.996 

P-0.986 

* 

FCS0389(-8] 

Chi3q(l)-2.940 
Chisqd)  -5 . 687 

P-0.914 

FCS0389(-9) 

P-0.983 

* 

FCS0389(-101 

Chi3q(l)-4.213 

P-0.960 

* 

tCS0389(-ll) 

Chi3q(l)-3.402 

P-0.935 

FCS0389(-241 

Chi3q(l)-1.937 

P-0.836 

Dynamics  look  OK.  Go  on  to 

explanatory  variables. 

Historical  fit  of  dynamic  regression  model 

Dependent  variable:  FCS0389 

R-square:  0.918 

Adjusted  R-square:  0.917 

Standard  forecast  error:  1229.141131 

F  statistic:  699.812  (1.000) 

Durbin-Watson;  2.000 
Ljung-Box:  8.221  (0.232) 

Standardized  AIC:  1238.769204 
Standardized  BIC:  1273.347720 


Variable 

Coefficient 

Standard  error 

T-stat 

Prob 

FCH0389 

282.819966 

12.794953 

22.104 

1.000 

CONST 

9839.235118 

1025.047317 

9.599 

1.000 

FCS0389(-7) 

0.112448 

0.033198 

3.387 

0.999 

FCS0389(-12) 

-0.043170 

0.034329 

-1.258 

0.791  <- 

AUTO(-l) 

0.592417 

0.040200 

14.737 

1.000 

AUTO [-11) 

0.171968 

0.034943 

4.921 

1.000 

AUTO (-3) 

0.079267 

0.040754 

1.945 

0.948 

Eliminate  marked  nonsignificant  variable. 
Historical  fit  of  dynamic  regression  model 


Dependent  vacleble:  FCS0389 
R-3quare:  0.917 
Adjusted  R-squate;  0.916 
Standicd  forecast  error:  1236.836187 
F  statistic:  821.162  (1.000) 
Durbin-Watson :  2.034 
Ljung-Box:  11.461  (0.510) 
Standardized  AIC:  1245.053474 
Standardized  BIC:  1279.633187 


Variable 

Coefficient 

Standard  error  T-stat 

Prob 

FCH0389 

282.042111 

13.639318  20.679 

1.000 

CONST 

8998.438308 

897.810555  10.023 

1.000 

FCS0389(-7J 

0.116499 

0.034008  3.426 

0.999 

AUT0(-1J 

0.617025 

0.039490  15.625 

1.000 

AUT0(-11J 

0.132400 

0.032216  4.110 

1.000 

_AUTO(-3) 

0.106643 

0.039926  2.671 

0.992 

Model  dynamics 
AUTO [-2)  error 

diagnostics 

term 

Chi3q(l)-0.195 

P-0.342 

AUTO (-4)  error 

term 

Chi3q(l)-0.838 

P-0 .640 

AUTO(-5J  error 

term 

Chl3q(l)-0.001 

P-0.023 

AUTO[-6i  error 

term 

Chisq(l)-Q.718 

P-0.603 

AUTO(-7j  error 

term 

Chi3q(l)-l.l34 

P-0.713 

AUTO[-8]  error 

tenn 

Chi3q(l)-0.912 

P-0.660 

AUTO(-9]  error 

term 

Chi3q(l)-0.243 

P-0.378 

AUTO(-10]  error 

;  term 

Chi3q(l)-0.090 

P-0.236 

AUTO(-121  error  term 

Chi3q(l)-2.498 

P-0.886 

AUTO(-24)  error 

:  term 

Chi3q(l)-6.278 

P-0.988  * 

FCS0389 l-l) 

Chi3q(l)-0.426 

P-0.486 

FCS0389(-2) 

Chi3q(l)-1.047 

P-0.694 

FCS0389(-31 

C)ri3q(l)-2.316 

P-0.872 

FCS0389(-41 

Chi3q(l)-2.573 

P-0.891 

FCS0389(-5) 

Chlsq(l)-3.659 

P-0 .944 

FCSO309(-6) 

Chi3q(l)-7.347 

P-0.993  ** 

FCS0389t-8) 

Chisq(l)-2.289 

P-0.870 

FCS0389(-9) 

Chi3q(l)-4 .537 

P-0.967  » 

FCS0389(-10) 

Chl3q(l)-3.567 

P-0.941 

FCS0389(-11) 

Chi3q(l)-4.358 

P-0.963  * 

FCS0389t-12) 

Chisq(l)-7.792 

P-0.995  ** 

FCS0389(-24) 

Chisq(l)-4.199 

P-0.960  * 

Try  adding  FCSQ3a9[-i2]  to  model. 


Histoi  il  fit  of  dynamic  regression  model 

Dependent  variable;  FCS0389 

R-square:  0.918 

Adjusted  R-squate:  0.917 

Standard  forecast  error:  1229.141131 

F  statistic:  699.812  (1.000) 

Durbin-Watson:  2.000 
Ljung-Box:  0.221  (0.232) 

Standardized  AIC:  1238.769204 
Standardized  BIC:  1279.347720 


Variable 

Coefficient 

Standard  error 

T-stat 

Prob 

FCH0389 

282.819966 

12.794953 

22.104 

1.000 

CONST 

9039.235118 

1025.047317 

9.599 

1  .000 

FCS0389(-7) 

0.112448 

0.033198 

3.387 

0 . 999 

FCS0389(-12i 

-0.043170 

0.034329 

-1.258 

0.791  <- 

AUTO(-l) 

0.592417 

0.040200 

14.737 

1.000 

AUTO(-ll) 

0.171968 

0.034943 

4.921 

1.000 

AUTO (-3) 

0.079267 

0.040754 

1.945 

0.948 

Eliminate  marked  nonsignificant  variable. 
Model  dynamics  diagnostics 


AUTO [-2] 

error 

term 

Chisq(l)-0.016 

P-0. 101 

AUTO (-4] 

error 

term 

Chisq(l)-0.312 

P-0 .424 

AUTOl-5) 

error 

term 

Chi3q(l)-0.241 

P-0. 377 

AUTO(-61 

error 

term 

Chisq(l)-0.121 

P-0.272 

AUTO (-7) 

error 

term 

Chi3q(l)-0.264 

P-0.393 

AUTO (-81 

error 

term 

Chi5q(l)-0.339 

P-0.439 

AUTO(-9] 

error 

term 

Chl3q(l)-0.410 

P-0.478 

AUTOI-10) 

error  term 

Chi3q(l)-0.157 

P-0.308 
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AUTOl-121  erroc  tacm 

AOToi-24i  ecroc  term 

FCS0389t-l] 

FCSO309t-2) 

FCS03891-3) 

FCS0389(-4) 

FCS0339{-5] 

FCS0389 (-61 

FCS0389(-8) 

FCS0389(-9] 

FCS0389(-10] 

FCS03891-11) 

FCS0389(-241 


Chisq(l)-0.366 

Chl3q(l)-1.904 

Chl3q(l>-0.401 

Chl3q(l)-0.387 

Chi3q(l)-0.792 

Chi3q(l>-1.361 

Chi3q(l)-1.782 

Chi3q(l)-6.316 

Chl3q(l)-2.685 

Chi3q(l)-4.761 

Chl3q(l)-3.639 

Chi3q(l)-2.845 

Chl3q(l)-1.608 


Dynamics  look  OK.  Go  on  to  explanatory  variables. 


P-0.455 

P-0.832 

P-0.473 

P-0.466 

P-0.627 

P-0.757 

P-0. 818 

P-0.988  • 

P-0.899 

P-0.971  * 

P-0.944 

P-0.908 

P-0.795 


Historical  fit  of  dynamic  regression  model 

Dependent  variable;  FCS0389 

R-square:  0.919 

Adjusted  R-squace:  0.917 

Standard  forecast  error:  1223.959042 

F  statistic:  618.121  (1.000) 

Dutbin-Watson :  2.023 
Ljung-Box:  11.661  (0.527) 

Standardized  AtC:  1234.909522 
Standardized  BIC;  1281.247648 


Variable 

Coefficient 

Standard  error 

T-stat 

Prob 

FCH0389 

288.752472 

13.156314 

21.948 

1.000 

CONST 

10447.648383 

1073.790874 

9.730 

1.000 

FCS0389(-7] 

0.143698 

0.035932 

3.999 

1.000 

FCS0389(-12) 

-0.033800 

0.034549 

-0.978 

0.672  <- 

FCS03a9|-6] 

-0.079893 

0.036977 

-2.161 

0.969 

AUTO(-l) 

0.595823 

0.040156 

14.838 

1.000 

AUTO (-11) 

0.166958 

0.035003 

4.770 

1.000 

“.AUTO  [-31 

0.085885 

0.041121 

2.089 

0.963 

Eliminate  marked  nonsignificant  variable. 


Model  dynamics  diagnostics 
AUTO(-2)  error  term 
AUTO(-4)  error  term 
AUTO (-5)  error  term 
AUTO(-6j  error  term 
AUTO[-7)  error  term 
AUTO(-8i  error  term 
AUTO(-9j  error  term 
AUTO(-IO)  error  term 
AUTO(-12]  error  term 
AUTO(-24)  error  term 
FCS0389(-1] 

FC30389(-2] 

FCS0389 (-3) 

FCS0389(-4) 

FCS0389(-5] 

FCS0389:-8) 

FCS0389(-91 

FCS0389(-10) 

FCS0389(-11) 

FCS0389(-24J 

Dynamics  look  OK.  Go  on  to  explanator 

Variable  specification  diagnostics 
TIME  TREND 

NONLINEARITY  in  predictors 

Specification  looks  OK.  Go  on  to  fine 

Model  homogeneity  diagnostics 
HETEROSCEDASTICITY  with  time 
HETEROSCEDASTICITY  with  predictors 
HETEROSCEDASTICITY  with  fitted  values 
CHOW  test  for  changing  parameters 


Chisq(l)-0.223 

P-0.363 

Chisq<l)-0.915 

P-0.661 

Chisq(l) -0.058 

P-0.190 

Chisq(l)-2.760 

P-0.903 

Chisq<l)-0.006 

P-0.063 

Chiaq(l)-0.429 

P-0.488 

Chi3q(l)-0.252 

P-0.384 

Chl3q(l)-0.057 

P-0.188 

Chisq(l)-0.244 

P-0.379 

Chisq(l)-1.94B 

P-0.837 

Chlsq(l)-0.227 

P-0.366 

Chisq(l)-1.185 

P-0.724 

Chisq(l)-0.455 

P-0.500 

Chisq(l)-2.716 

P-0.901 

Chisq{l)-0.803 

P-0.630 

Chl3q(l)-3.377 

P-0.934 

Chi3q(l)-3.935 

P-0.953  * 

Chi3q(l)-3,460 

P-0.937 

Chi3q(l)-3.040 

P-0.919 

Chi3q(l)-1.624 

P-0.797 

variables . 

Chi3q<l)-3.439 

P-0.936 

Chi3q(5)-14.038 

P-0.985  * 

checks . 

Chisq(l)-0.229 

P-0. 368 

Chi3q(5)-5. 438 

P-0.635 

Chisq(l)-3.718 

P-0.946 

F(5,432)-5.52 

P-1.000  » 
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MoJei  appear.^  to  be  honio9eneou3  (stable  over  time)  . 
FORECAST  PRO  forecasts  Frl  Nov  30  15:45:56  1990 
dynamic  tegression  model  parameters 


Dynamic  regression  forecasts 

Parameter  values 

Variable  Coefficient 


FCH0389 

_COMST 

FCS0389[-7) 

FC30389(-17] 

FCS0389(-6] 

_AUT0{-1J 

_AUTO(-ll] 

_AUTO[-31 


288.752472 

10447.648383 

0.143698 

-0.033800 

-0.079893 


Forecast  variable  iFORECST 


Period 

Forecast 

Lower  (95%) 

Upper  (95%) 

1-1939 

17424.236328 

14861.741032 

19986.731625 

2-1939 

19296.718750 

16313.853747 

22279.583753 

3-1939 

19026.162109 

15907.662893 

22144.661326 

4-1939 

20508.833984 

17298.563719 

23719.104249 

5-1939 

21295.003906 

18031.830300 

24558.177512 

6-1939 

19272.560547 

15981.592849 

22563.528245 

7-1939 

22250.460938 

18957.483465 

25543.438410 

8-1939 

21133.373047 

17804.575258 

24462.170836 

9-1939 

16963.941406 

13619.136813 

20308.746000 

10-1939 

15289.373047 

11938.315607 

18640.430487 

11-1939 

15007.059570 

11652.003971 

18362.115169 

12-1939 

14237.042969 

10836.643250 

17637.442688 

1-1940 

13522.892578 

10081.129062 

16964.656094 

2-1940 

13457.079102 

9989.287051 

16924.871152 

3-1940 

13433.606445 

9932.702007 

16934.510883 

4-1940 

12976.503906 

9449.338649 

16503.669163 

5-1940 

12869.222656 

9323.360628 

16415.084685 

6-1940 

13435.632813 

9878.957289 

16992.308336 

7-1940 

14104.988281 

10536.028067 

17673.948495 

8-1940 

14619.756836 

11042.448953 

18197.064719 

9-1940 

15126.981445 

11544.588494 

18709.374397 

10-1940 

15530.203125 

11943.585051 

19116.821199 

11-1940 

16123.522461 

12530.341077 

19716.703845 

12-1940 

16526.171875 

12925.343409 

20127.000341 

Expect  data 

exploration  of 

dependent  variable 

rCS0389 

BASIC  STATISTICS 

Number  of  observations:  468 

Standard  deviation:  4227.444463 

Minimum:  12380.490234  Maximum:  33036.289063 

Trend-cycle  85.154  Seasonal  1.14%  Irregular  13.72% 

BASIC  PROPERTIES 

A  power  transformation  may  help  -  try  the  logarithm. 
Correlational  structure  is  strong. 

Series  is  stationary. 

There  ace  no  active  explanatory  variables. 

Data  appear  to  be  homogeneous. 

Secies  is  seasonal. 

RECOMMENDED  METHOD:  BOX-JENKINS. 

Historical  fit  of  Box-Jenkins  model 
Dependent  variable:  FCS0389 
R-square:  0.859 
Adjusted  R-squace:  0.858 
Standard  forecast  error:  1591.180824 
F  statistic:  1418.705  (1.000) 

Durbin-Hatson :  2.122 
LJung-Box:  40.319  (1.000) 

Standardized  AlC:  1594.577117 
Standardized  BIC:  1608.774677 


96 


BJ  Parameter 
A(l) 

A(121 

CONSTANT 


Coefficient 

0.948963 

-0.057107 

1133.506717 


Standard  error  T-atat 

0.053392  17.774 

0.047785  -1.195 


Prob 

1.000 

0.768 


Try  alternative  model  ARlMAd, 0, 0) *ARIMA12 (0,0,0) 

FORECAST  PRO  forecasts  Frl  Nov  30  15:49:02  1990 

Box-Jenklns  model  parameters 

A(l)  0.948963 

A[12)  -0.057107 

CONSTANT  1133.506717 


Forecast 

variable  CFBJECST 

Period 

forecast 

Lower  (95%) 

1-1939 

18320.146484 

15102.597130 

2-1939 

18517.460938 

14081.755359 

3-1939 

18731.474609 

13433.266438 

4-1939 

18820.138672 

12850.930829 

5-1939 

19062.517578 

12547.930323 

6-1939 

19128.017578 

12158.725816 

7-1939 

19046.685547 

11691.935608 

8-1939 

19204.281250 

11518.940246 

9-1939 

19201.476563 

11230.152021 

10-1939 

19558.382813 

11338.030819 

11-1939 

19622.320313 

11183.998011 

12-1939 

19564.583984 

10934.682558 

1-1940 

19646.425781 

10881.552443 

2-1940 

19712.578125 

10827.912850 

3-1940 

19773.826172 

10782.650210 

4-1940 

19838.482422 

10752.458661 

5-1940 

19890.802734 

10720.205001 

6-1940 

19949.845703 

10703.748450 

7-1940 

20014.070313 

10700.507118 

8-1940 

20061.609375 

10687.706510 

9-1940 

20115.423828 

10687.513678 

10-1940 

20145.957031 

10669.675031 

11-1940 

20190.623047 

10670.991021 

12-1940 

20239.771484 

10681.269651 

Upper  (95%) 
21537.695839 
22953.166516 
24029.682781 
24789.346515 
25577.104834 
26097.309340 
26401.435486 
26889.622254 
27172.801104 
27778.734806 
20060.642614 
28194.485411 
28411.299119 
28597.243400 
28765.002134 
28924.506183 
29061.400468 
29195.942956 
29327.633507 
29435.512240 
29543.333979 
29622.239031 
29710.255072 
29798.273318 
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ABBREVIATIONS  AND  ACRONYMS 


ACF 

AIC 

ARMA 

ARIMA 

BIC 

EPRI 

IEEE 

ORSA 

PACE 

PICA 

SAS/ETS 

TIMS 

UIUC 

USACERL 


autocorrelation  function 

Akaike  Information  Criterion 

autoregressive-moving  average 

autoregressive  integrated  moving  average 

Bayesian  Information  Criterion 

Electric  Power  Research  Institute 

Institute  of  Electrical  and  Electronics  Engineers 

Operations  Research  Society  of  America 

partial  autocorrelation  function 

Power  Industry  Computer  Applications  (Conference) 

SAS  Econometric  and  Time-Series  Library 

The  Institute  of  Management  Sciences 

University  of  Illinois  at  Urbana-Champaign 

U.S.  Army  Construction  Engineering  Research  Laboratory 
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DISTRIBUTION 


Chief  of  Engineers 
ATTN:  CEHEC-IM-LH  (2) 

ATTN:  CEHEC-IM-LP  (2) 

ATTN:  CERD-L 

CEHSC,  ATTN:  Library  22060 

US  Army  Engineer  Districts 
ATTN:  Library  (41) 

US  Army  Engineer  Divisions 
ATTN:  Library  (13) 

US  Army  Europe 
ATTN:  ODCS/Engr  09014 

USA  AMCCOM  61299 
ATTN:  ANSMC-RI 
ATTN:  AMSMC-IS 

AMC  -  Dir.,  Inst.,  &  Svcs. 

ATTN:  DEH  (23) 

FORSCOM 
ATTN:  DEH  (28) 

HSC 

Fort  Sam  Houston  AMC  78234 
ATTN:  HSLO-F 
Fitzsimmons  AMC  80045 
ATTN:  HSHG-DEH 
Walter  Reed  AMC  20307 
ATTN:  Facilities  Engineer 

TRADOC 

HQ  TRADOC.  ATTN:  ATEN-DEH 

WESTCOM 
Fort  Shatter  96858 
ATTN:  DEH 
ATTN:  APEN-A 

CECRL,  ATTN:  Library  03755 

CEWES,  ATTN:  Library  39180 
*0$  COVWNMENTpiUKTINCOFFia  19  92  -ei-s-ioT/  520S2 


Tyndall  AFB,  FL  32403 
ATTN:  AFESC/Engineering  &  Service  Lab 

NAVFAC 

ATTN:  Code  1652B  22332-2300 
ATTN:  Naval  Civil  Engr  Lab  93043  (3) 

National  Guard  Bureau  20310 
Installation  Division 

US  Army  Env.  Hygiene  Agency 
ATTN:  HSHB-ME  21010 

NEESA 

ATTN:  Code  11 1C  93043 
GMPA 

ATTN:  STRGP-FT  17070-5008 

DFSC,  ATTN:  DFSC-PR  22314 

Fort  Belvoir,  VA 
ATTN:  CECC-R  22060 

Defense  Technical  Info.  Center  22304 
ATTN:  DTIC-FAB  (2) 
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